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Abstract 
Abstract 
Cell and tissue culture techniques have a major role to play in speedy multiplication 
of elite plant genotypes and are being used commercially. Against the background 
of the limitations of long juvenile phases and life span, development of plant 
regeneration protocols of tree species are gaining importance as trees are a vital 
component of biodiversity. 
The current investigation was aimed to develop cost effective protocols for 
conservation and mass production of Albizia lebbeck (L.) Beath., a mimosoid 
leguminous tree important both economically as well as ecologically.__ The metal 
accumulation and tolerance potentiality of the tree was also analyzed in vitro. 
Changes in photosynthetic parameters and antioxidative enzymes were measured 
during the ex vitro acclimatization of micropropagated. plantlets. To validate the 
genetic stability among regenerants, the assessment of genetic fidelity was done 
using ISSR techniques. The main findings are summarized as under. 
The best seed germination results (80 %) were obtained in the media containing 
highest concentration of salts (full strength MS medium). Various explants, 
obtained from aseptic seedling and node from mature tree were tried for in vitro 
axillary and adventitious (without intervening callus formation) shootlets 
regeneration. MS medium supplied with various concentrations (0.5-12.5 µM) of 6-
benzyladenine (BA), Kinetin (Kn), 2-isopentenyladenine (2-iP) and Thidiazuron 
(TDZ) alone or in combination with different concentrations (0.1-2.0 µM) of auxins 
[a-naphthalene acetic acid (NAA), indole-3-butyric acid (IBA) and indole-3-acetic 
acid (IAA)] induced considerable shoot multiplication rate in all the explants tested. 
Among the different explants tested (seedling derived cotyledonary node, node, 
cotyledon, hypocotyl, root explants and mature nodal segments), hypocotyl 
explants from 15 day-old aseptic seedlings produced an optimal shoot regeneration 
frequency (81%) and number of shoots (22.00 t  1.10) on MS medium supplied 
with 7.5 gM BA after 4 weeks of incubation. Further, the excellent response in 
shoot multiplication and elongation was recorded when the shoot cultures were 
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transferred to a medium augmented with 7.5 tM BA and 0.5 µM NAA, producing 
highest number of shoots (34.00 ± 1.15) per hypocotyl explant with mean shoot 
length of 6.30 f 0.05 cm after 8 weeks in 88 % cultures 
Direct axillary shoot morphogenesis response from nodal segments (excised from 
10-week-old in vitro shoot cultures established from mature nodal explants) was 
enhanced by the additional supply of metals (ZnSO4, CuSO4 and CdClz) in shoot 
induction and multiplication medium (MS + 10.0 µM BA + 1.0 µM NAA). Among 
all the tested metals ZnSO4 (0.06 mM) showed maximum number of shoots (24.50 
f 0.83) production with shoot length (5.90 t 0.05 cm) in 84 % cultures as 
compared to cultures grown on control medium (MS + 10.0 gM BA + 1.0 gM 
NAA) after 10 weeks. The physiological and biochemical observations of the metal 
raised plantlets showed an increase in carotenoids and proline content and 
reduction in chlorophyll a and b content confirming the stress generation and its 
control by increased levels of antioxidants proline and carotenoids. 
After standardizing the reliable protocol for micropropagation, the influence of 
different basal media, sucrose concentration and pH value were also assessed on in 
vitro shoot morphogenesis from aseptic hypocotyl explants. The comparison of 
three media (MS, WPM and BS) formulations revealed MS medium as best for 
maximum shoot proliferation and multiplication. Maximum number of shoots 
(34.00 ± 1.15) per explant was obtained in 88 % cultures in MS medium supplied 
with BA (7.5 µM) and NAA (0.5 µM) after 8 weeks of culture. Among all the 
tested carbohydrate sources and pH levels, 3 % (w/v) sucrose and 5.8 pI-I level was 
found most effectual in optimized plant growth regulators regime (MS + 7.5 µM 
BA + 0.5 µM NAA) for highest shoot regeneration frequency (88 %). 
In order to obtain synthetic seeds, different concentrations of encapsulation matrix 
sodium alginate and complexing agent calcium chloride were tested for conversion 
of encapsulated nodal explants into plantlets. Fine quality synseeds were produced 
in 3.0 % sodium alginate and 100 mM CaClz. MS medium augmented with BA 
(10.0 µM) and NAA (1.0 µM) gave maximum conversion frequency (70 %) of 
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synseeds with number of shoots (7.33 f 0.33) after 10 weeks of culture. The 
encapsulated nodal segments could be stored at low temperature (4'C) upto 8 weeks 
with the maximum survival frequency of 68 % 
Adventitious root induction in regenerated shoots was readily achieved with 
various auxins (IBA, NAA and IAA) using both in vitro and ex vitro methods. 
Highest root formation frequency was achieved in half strength MS medium 
supplemented with IBA (2.0 µM) on which maximum number of roots (5.20 f 
0.83) were induced with root length of 4.40 f 0.67 cm. The number of roots per 
shootlets (metal raised shootlets) increased upto 6.00 + 0.11 on to the rooting 
medium (112 MS + 2.0 µM IBA) supplied with ZnSO4 (0.06 mM) after 4 weeks. 
Highest frequency of root formation (82%), number of roots (21.60 ± 0.43) per 
shoot and root length (4.03 ± 0.03 cm) was obtained after 4 weeks of 
transplantation to soilrite in ex vitro rooting experiment in which proximal end of 
the shoot was dipped in IBA (250 WM) solution for 30 min prior to transfer to 
potting mixture (Soihite).  
Plantlets rooted in vitro on ZnSO4, CuSO4 and CdCl2 containing medium 
efficiently accumulated the metals and maximum accumulation (61.00 f 1.15 mg g 
1 DW) was found for Zn, which was about 9.5 times higher in Zn supplemented 
medium (0.06 mM ZnSO4) as compared to plantlets rooted on simple rooting 
medium ('h MS + 2.0 µM IBA). The micropropagated shoots with well developed 
roots were acclimatized in soilrite followed by the mixture of soihite + garden soil 
(1:1) and successfully transplanted to soil in the field with 80 % survival rate. 
During acclimatization of the plantlets for 0-70 days, a steady increase in 
photosynthetic pigments (Chl a, Chl b and carotenoids), photosynthetic rate (PN) 
and activities of antioxidant enzymes viz., SOD, CAT, APX and OR was observed 
after 14 days of acclimatization. Wbile, stress indicators MDA and H202 content 
were found to decrease after 14 days of acclimatization. Evaluation of 
photosynthetic pigments and antioxidants has been shown to be important in 
determining the ability of the plants to survive oxidative stress and play an essential 
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role for better adaptation of regenerated plantlets transplanted from in vitro to ex 
vitro conditions. Furthermore, these factors could be a key to design adequate 
methods for acclimatization of other medicinally and economically important 
plants to ex vitro conditions. 
PCR-based ISSR technique was adopted for the evaluation of clonal fidelity in the 
plantlets obtained from the micropropagation of mature nodal segments. All the 
tested primers produced monomorphic pattern across all the regenerated plants, 
confirming the genetic uniformity of the micropropagated plantlets with that of 
mother plant. 
The synthetic seed technology described in the present study provides an 
alternative method of propagation of this tree legume. Successful plant reclamation 
from encapsulated nodal segments at low temperature indicates that the method 
described here could be potentially used to preserve desirable elite genotype of A. 
lebbeck over a short period. This could also facilitate transport of encapsulated 
nodal segments to laboratories and extension centers of far-away places. 
The protocols described in this study for regeneration of Albizia lebbeck using 
various explants are reproducible and improved methods which could be useful for 
conservation and large scale production of this essential anti-asthmatic tree legume. 
The protocols provide an alternative viable system for true-to-type genotypes 
production as confirmed by the IS SR evaluation. The explored metal tolerant 
potentiality and bioaccumulation ability of the regenerants of A. lebbeck can be 
fruitful in developing metal tolerant lines of the tree which could be used in the 
reclamation of polluted and waste lands. 
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1. INTRODUCTION 
Man has been living in harmony with other biological components since time 
immemorial. Although, all these components have a place in man's life, plants 
occupy a position of prime importance. Biodiversity along with phytodiversity are 
the products of dynamic interactions among different levels of integration within 
the living world and have been increasingly in the focus of scientific and public 
attention over the past decades, culminating in the United Nations declaring 2010 
to be the International Year of Biodiversity (Alexander et al. 2011). 
Since time human being has made use of plants in different ways. The direct 
benefits to the humankind from plant diversity comprises in the form of timber, 
food, fibre, medicines, industrial enzymes, wood, flavours, fragrance, cosmetics, 
emulsifiers, dyes, growth regulators, pesticides etc. While indirect ecological 
benefits from plants include regulation of the gaseous composition of the 
atmosphere, soil formation, processing and acquisition of nutrients etc. 
Furthermore, endowed with the unique capacity to convert solar energy into 
chemical energy, plants synthesise thousands of compounds of importance to our 
lives at normal temperature and pressure without polluting the atmosphere (Wrage 
et al. 2011). Thus, plant community plays a pivotal role in sustainable management 
by maintaining biodiversity and conserving the environment (Farooquee et al. 
2004). 
India is a rich source of plant diversity and occupies a place in the 12 mega-
biodiversity countries in the world with 4'h rank in Asia. From 70 % of the total 
geographical areas surveyed, India represents about 12 % of the world's recorded 
flora with 49,000 plant specieshaving 20,000 species of higher plants, one third of 
it being endemic and 1000 species are categorized to have medicinal value (Singh 
et al. 2003, Krishnan et al. 2011). The rich biodiversity in India has given shape to 
variety of cultural and ethnic diversity which includes over 563 tribal communities 
of 227 ethnic groups spread over 5,000 forest villages. The villagers and tribal folks 
make use of more than 7000 plant species through oral traditions (Singh et al. 
2010). 
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According to WHO, about 80 % world population and 65 % Indian rural population 
used traditional form of medicine to meet their primary health care needs (Jain and 
Singh 2010). Moreover, an increasing reliance on the use of medicinal plants in the 
industrialized societies has also been traced to the extraction and development of 
several drugs and chemotherapeutics from these plants as well as from traditionally 
used rural herbal remedies (UNESCO 1998). Consequently, phytodiversity supplies 
the buffering capacity and stability of life on the planet by maintaining the 
interactive dynamics of ecosystem, its function and constancy which is essential for 
human survival (Singh 2002). 
Plants, particularly forest species are essential and play a key role in the lives of 
living beings by supporting from micro to macro levels and maintain a diversified 
group of organisms belonging to flora and fauna. Because of the bulk of 
biodiversity, forest vegetation is very important to the world economy for 
maintaining and preserving ecosystems and are the major concern for conservation 
(Kala 2005). 
Among different tree groups such as industrial, timber, agroforestry, social forestry 
and fast growing multipurpose trees, the multipurpose forest trees on account of 
their multiple-output value are receiving firm attention among researchers, foresters 
and planners (Dhar et al. 2002). Also, disease and pest resistant trees have been 
deployed in plantations in many of the developed nations where genetic 
improvement programmes have been initiated (Muralidharan and Kallarackal 
2004). The economic benefits of planted multipurpose forests trees have led to their 
widespread adoption throughout the world. 
In India, approx 260 multipurpose tree species have been reported in which woody 
tree legumes occupies an important place. They are especially valuable and tend to 
benefit other forms of life by boosting fertility, moderating harsh conditions and are 
a rich source of wood, paper pulp and animal fodder in many locations around the 
world, they can be integrated into an agroforestery system to restore nutrient 
cycling and fertility self-reliance (Sprent and Parsons 2000). 
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In recent years, the diversity of the multipurpose woody legumes is decreasing at an 
unprecedented rate resulting in an associated decline in ecosystem services due to 
forest fragmentation, overexploitation, pollution, war, habitat destruction and 
degradation by physical and chemical means which are causing significant and 
often irreversible loss of biodiversity (Hegazy 1999). These biodiversity losses not 
just cause the extinction of a single species, but rather the modification of entire 
ecosystems. Therefore, the convention on biological diversity mandates the 
preservation, exploration, and sustainable use of biodiversity and requires its 
protection at all levels from the genome to the ecosystem (Leveque and Mounolou 
2003). 
According to an estimation made recently, the current extent of world's plantation 
forest area is about 187 million hectares with the annual planting of 4.5 million 
hectares (FRA 2001). Furthermore, for the production of large number of planting 
material, conventional approaches are exploited for propagation and improvement 
like propagation through seeds which yields a progeny of highly heterozygous 
plants, long gestation cycle, retainment of number of recessive detrimental alleles 
within populations, resulting in high genetic load and inbreeding depressions and 
limits the use of traditional breeding methods making it difficult for the fixation of 
desirable alleles in a particular genetic background (Giri et at. 2004). Similarly, 
cuttings, layering, grafting, budding etc. in tree propagation are less applicable 
methods because of the rooting difficulties. Also, these methods are long-term 
process to produce propagules of high quality and at times, not feasible for 
producing large number of tree planting material (Girl et al. 2004). 
As a better alternative, biotechnological tools can complement conventional 
methods and have paved the way for conserving our resources in a multifaceted 
manner. One of the most commercially exploited component of "plant 
biotechnology" is plant tissue culture in diverse group of plant species such as 
ornamental, medicinal and forest tree species. Plant tissue culture techniques are 
particularly relevant for large scale propagation of individuals that are threatened. It 
reduces production costs and increases gains to the industry. They are also 
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important for ecological advantages as in phytoremediation or in the establishment 
of artificial plantings in weed-infested site. Besides, the potential of plant tissue 
culture includes enhanced production of natural products, rapid clonal 
multiplication of selected genotypes, production of disease-free plants, germplasm 
preservation and genetic manipulation. It has created new opportunities in global 
trading for producers, farmers, nursery owners and rural people. 
In the last 20 years, plant tissue culture and related biotechnology has attained great 
dimensions. The global biotechnology business is estimated to be around 150 
billion US dollars. Moreover, tissue culture has a pivotal role in accelerating the 
rate of multiplication and proved commercial application in the development of a 
worldwide industry and produced more than 250 million plants yearly (Kane 2000). 
The Indian government has identified the importance of micropropagation of plants 
through tissue culture in the industrial act of 1951 which was made effective in 
1991. Since then micropropagation industry has expanded exponentially from five 
million plants annual capacity in 1988 to 190 million in 1996. The facilities created 
are at par with the best in leading countries like Netherland and USA. Currently, 
more than 50 units in the private sector and large number of universities and 
research institutes in India are producing and supplying lakits of economically 
important tree plants to farmers (Batra 2006). Consequently, tissue culture methods 
have become a more effective tool for both basic research and commercial practices 
for many tree species. 
The micropropagation of tree species is a challenging task, the trees especially in 
their adulthood are more recalcitrant to tissue culture technology. Further, poor 
growth, excessive phenolic exudations, heavy load of microbial contamination, 
basal callusing, vitrification, necrosis and difficulty in rooting etc. are some of the 
major constraints associated with the micropropagation of woody tree species 
(lIarada and Murai 1996, Giri et al. 2004). Several strategies have been suggested 
to overcome these problems for successful in vitro propagation. Selection of 
explants from the juvenile part of the tree overcomes the problem of maturity. 
Browning of the medium can be prevented by the addition of antioxidants like 
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PVP, citric acid etc. in the regeneration medium (Purohit et al. 2002). Surface 
disinfection by 70 % alcohol, sodium hypochlorite, calcium hypochlorite and 
mercuric chloride is used for controlling microbial contaminations. Antibiotics and 
Silver nanoparticles are effective for the control of internal and external infections 
(Amin et al. 2013). Further, manipulation in the hormonal concentrations, pH and 
nutrients are proved to help in getting rid of the other major hurdles. Even with 
these obvious limitations, tissue culture has been successfully applied to a wide 
range of trees and its implication has been mentioned in some comprehensive 
reviews of Thorpe and Harry (1991), Harry and Thorpe (1994), McCown (2000), 
Giri et al. (2004), Yasodha et al. (2004) and Anis et al. (2012). 
In the last two decades, the methods of tissue culture have been found helpful in 
plantation of "elite" Tectona grant/is, Eucalyptus and Acacia trees followed by 
plantation of Dalbergia sissoo, D. latifolia, Tamarindus indica, Santalum album, 
Hevea brasilienais, Dendrocalamus, Vitex negundo, Tecomella undulata etc. 
(Surendran et al. 2000, Sharma 2002, Anis et al. 2012) for their replenishment and 
conservation in nature. In addition, reforestation requires tree improvement and the 
focus has been towards the production of multipurpose trees having genetically 
superior traits, nutritive value, and resistance against diseases and tolerance against 
biotic and abiotic stresses. 
The strategies to regenerate legumes by exploiting tissue culture techniques have 
been evolved steadily during the past years. It is being used extensively and 
effectively as a tool for mass multiplication and germplasm conservation of several 
multipurpose leguminous tree species i.e., Acacia man gium (Galiana or al. 1991), 
Bauhinia variegata (Mathur and Mukunthakumar 1996), Swartzia 
madegascariensis (Berger and Schaffner 1995), Dalbergia sissoo, D. latifolia 
(Pradhan et al. 1998a, b), Acacia sinuata (Vengadesan et al. 2003), Hagenia 
abyssinica (Feyissa et al. 2005), Acacia chundra (Rout et al. 2008), Pterocarpus 
marsupium (Husain 2007), Bauhinia tomentosa (Naz et al. 2012), Pithecellobium 
dulce (Goyal et al. 2012), several Albizia spp. i.e., A. falcataria (Sinha and Mallick 
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1993, Ghosh et al. 2010), A. julibrissin (Sankhla et al. 1996) and A. odoratissima 
(Rajeshwari and Paliwal 2008, Borthakur et al. 201 lb) etc. 
Furthermore, it is often difficult to analyze the response of plants to different 
abiotic stresses in the field or in greenhouse conditions due to their complex and 
variable nature. In vitro tissue culture-based tools have also allowed a deeper 
understanding of the physiological and biochemical responses in plants cultured 
under adverse environmental conditions. The similarities of the effects induced by 
the different stresses in the plants cultured in vitro and in vivo conditions suggest 
that the in vitro system can be used as an alternate to field evaluations for studying 
the general effect of water, salinity and metal stresses on plant growth and 
development. Analysis can be done by using most widely used in vitro selection 
pressure technique based on the in vitro culture of plant cells, tissues or organs on a 
medium supplemented with selective agents, allowing selecting and regenerating 
plants with desirable characteristics. This approach has been used in a number of 
plant materials (callus, suspension cultures, somatic embryos and shoot cultures, 
etc.) which were screened for variation in their ability to tolerate relatively high 
levels of biotic and abiotic stresses in the culture media (Perez-Clemente and 
Gomez-Cade 2012). 
The genus in consideration of the present work Albizia, belongs to subfamily 
Mimoseae of family Fabaceac, is highly valued conglomeration of multipurpose 
tree legumes with about 150 species (Parrotta 2002). It is socially significant for 
producing high quality timber and as a valuable resource for gum yield. In addition, 
it is used as foliage, green manure and as a source of timber for furniture 
production. The bark of Albizia tree is used in herbal medicine and the seeds are 
good source of oil (Parrotta 2002). Some Albizia species are regarded as a potential 
fodder resource and are a choice for silviculture and secondary plantation because 
of thick foliage and quick growing nature (Stewart and Dunsdon 2000). The Albizia 
species have also shown high potential in soil redevelopment process during early 
phase of mine spoil restoration in dry tropical environment (Singh et al. 2004). 
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1.1. Albizia lebbeck (L.) Benth. 
1.2. Classification 
Kingdom : Plantae 
Subkingdom : Tracheobionta 
Superdivision : Spennatophyta 
	
Division 	Magnoliophyta 
Class 	. Magnoliopsida 
Subclass 	Rosidae 
Order Fabales 
Family 	Fabaceae 
Sub-family : Mimoseae 
Genus 	 Albizia 
Species 	lebbeck 
1.3. Binomial name: Albizia 1e5 beck (L.) Benth. 
1.4. Synonymous: Mimosa lebbeck Blanco., Mimosa sirissa Roxb. 
1.5. Common names: (English): East Indian Walnut, Indian Siris, Lebbeck, Siris 
tree, Woman's tongue tree; (Hindi): Siris, Sirs; (Arabic): Darin el-Basha, Dign el 
basha, Labakh, Laebach, Lebbek; (Trade name): Kokko 
1.6. Habitat 
Albizia lebbeck (L.) Benth. is indigenously found in India, Australia, Bangladesh, 
Indonesia, Malaysia, Myanmar, Nepal, Pakistan and Thailand (Kumar et at. 2007, 
Orwa et al. 2009). It is principally from tropical southern Asia and widely 
cultivated and naturalized in other tropical and sub-tropical regions ie., West Indies, 
Africa, Central America, Columbia, Venezuela and Brazil etc. as roadside 
ornamental and plantation tree (Faisal et al. 2012). It is a dominant species in semi-
evergreen vine forests (monsoon forest) in areas with a mean annual rainfall of 
1300-1500 mm and a very dry winter, can withstand long hot dry periods and cold 
winters (Orwa et al. 2009). The species occurs on soils overlying basalt and among 
sandstone boulders. It is also found on the banks of riverine sites, on stabilized 
dunes or low lateritic ledges above the beach. 
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1.7. Botanical description 
Albizia lebbeck is a deciduous, hermaphrodite woody tree, attaining a height of 30 
m and a diameter of 1 m; more often is 15-20 m tall with a diameter of 50 cm 
having compound bi-pinnate leaves, pinnae in 2-4 pairs, each with 2-11 pairs of 
obliquely oblong leaflets. Flowers are white, heavily scented, with the stamens free 
above the corolla, 30-40 in number, yellowish-green on top side, white underside. 
Pods are pale straw to light brown at maturity, narrow-oblong, papery, leathery, flat 
and not raised or constricted between seeds: seeds are brown, flat, orbicular or 
elliptic; transversely placed with 6-12 in each pod (Anonymous 2001, Orwa et al. 
2009). 
1.8. Medicinal values 
The plant contains saponins, flavanoids, alkaloids, glycosides and proteins. Plant 
extract has been reported to possess antiallergic, anti-inflammatory, analgesic, 
nootropic, antispermatogenic and antimicrobial properties. It is an important source 
of melacacidin, D-catechin, 13-sitosterol, albiziahexoside and betulinic acid which 
are effective as antiseptic, anti-dysenteric, antitubercular and used in bronchitis, 
leprosy, paralysis and helmenth infection etc. (Mishra et al. 2010). 
Recently new tri-o-glycoside flavonols (Kaempferol and quercertin), 
hexoglycosylated saponin and albizzia hexoside were identified from the leaves of 
A. lebbeck (Faisal et al. 2012). Its flowers gave colourless sweet-smelling oil 
having p-nitro-benzoate, benzyle alcohol and benzoik acid. In traditional medicine, 
the flower emollient is used as a poultice to be applied to boils (Mishra et al. 2010). 
The bark of A. lebbeck has been previously shown to possess antimicrobial 
activities against F. coli, S. typhi and several other microbes (Dabur et al. 2007, 
Uma et al. 2009). The phytochemical studies showed the presence of 7-11 % 
condensed tannins, catechin, isomer of laecocyanidin, Melacacidin, leuco-
anthracyanidin, lebbecacinidin, friedelin, (3-sitosterol, betulinic acid and its 
glycosides in the bark. Three main saponins named Albizia saponins A, B and C 
were isolated from the bark (Pal et al. 1995). The hot aqueous stem hark decoction 
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and its butanolic fraction was found effective in the anti-allergic activity (Faisal et 
al. 2012) 
From methanolic extract of seeds of A. lebbeck, macro-cyclic alkaloids named as 
budmuchiamine were seprated, Seeds possess saponin and are rich in oleic acid and 
linoleic acid, are regarded as astringent for the treatment of piles, diarrhea and 
gonorrhea (Anonymous 2001, Shahina et al. 2000). Leaves and seeds are used for 
eye problem. The seed yields oil used as a cure for leprosy (Dy Phon 2000). 
In traditional Indian medicinal system, the leaves, seeds, bark and roots of A. 
lebbeck are used to treat boils, cough, eye flu, gingivitis, lung problems and 
abdominal tumors (Ratsch and Christian 2004). Leaves and barks are protective 
against bronchial asthma and other allergic disorders. The methanolic extract of the 
pod show antifertility activity (Botthakur et al. 2011a). Saponin from pods and 
roots has spermicidal activity. The bark is used medicinally to treat inflammation 
(Mishra et al. 2010, Yadav and Singh 2011). In addition, antiprotozoal, 
hypoglycemic, anticancer and analgesic properties have also been reported in this 
plant (Saha and Ahmad 2009). 
1.9. Other uses 
The Albizia lebbeck plants are known to be useful in various other ways, the leaves 
are reported to be good fodder with 17-26% crude protein. It is an excellent fuel 
wood species with a calorific value of 5200 kcal/g (DFSC 2000). They are 
efficiently used for timber, interior moulding, parquet, furniture, panelling, turnery, 
general construction and for making agricultural implements and mine props. The 
trunk of tree yields a reddish gum that is used as an adulterant of gum arabic. The 
bark is used locally in India for tanning fishing nets or dyestuff. The dried and 
pounded bark can be used for soap (Singh et al. 2004). 
The tree is a good soil binder and is recommended for eroded lands and erosion 
control, for e.g. along river embankments. Additionally, the species is commonly 
grown as a shade tree in pastures, tea, coffee and cardamom plantations and along 
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avenues. It can be planted in exposed coastal situations and as quick-growing 
shelter for less hardy plants (Saha and Ahmed 2009). 
A. lebbeck is a good nitrogen fixing tree without specificity for Rluzobium and 
native strains are nearly always capable of producing an abundance of nodules. 
Nitrogen-rich leaves are valuable as mulch and green manure enhancing the 
fertility of the soil (Mishra et al. 2010). In India A. lebbeck is often planted along 
roads and in home gardens as an ornamental tree (DFSC 2000). 
1.10. Conventional propagation methods and their limitations 
Conventionally, A. lebbeck is propagated through seeds or microcuttings. Seeds 
have been the most widely used means for propagating A. lebbeck, although 
vegetative propagation via stem cuttings can be useful for improving the genetic 
quality of the planting stock (Perveen et al. 2011). The propagation of this species 
through seeds is a bottleneck due to the long seed dormancy (Borthakur et al. 
201 la). Moreover, the population derived from seeds is not homogenous with 
regard to canopy characteristics, disease and pest resistance (Tudor Radu 2012). 
Hence, conventional propagation is not brisk to meet the needs in time and the 
tissue culture techniques provide viable alternative for the mass production of 
healthy plants with uniform characteristics. 
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1.11. Tissue culture studies in Albizia le/,beck (L.) Benth. till date 
An overview of the work carried out on A. lebbeck has been summarized below. 
Explant type Mode of regeneration References 
Node Direct and Indirect Mamun et al. 2004, 
Perveen et al. 2012, 
Shahzad and Saeed 2012, 
Gharyal and Maheshwari 
1990 
Internode Direct and Indirect Mamun et al. 2004, 
Yadav and Singh 2011 
Apical Bud Direct Borthakur et al. 201 la 
Hypocetyl Direct and Indirect Gharyal and Maheshwari 
1983 
Cotyledon Direct and Indirect Gharyal and Maheshwari 
1983, Nangia 1992, 
Mamun et al. 2004 
Root Direct and Indirect Gharyal and Maheshwari 
1983, Perveen et al. 2011, 
Nangia 1992 
Leaflet Direct and Indirect Gharyal and Maheshwari 
1983 
Seed Direct Perveen et al. 2013b 
Anther Indirect Gharyal et al. 1983 
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1.12. Objectives 
Thorough review of work done incited the need of more dedicated effort in the field 
of in vitro propagation of A. lebbeck for improving the existing protocols and 
achieving the goal of ex situ establishment. 
Thus, the present experimental work was undertaken with the following objectives: 
1. To establish and proliferate aseptic cultures from juvenile and mature 
explants. 
2. To formulate culture conditions for regeneration, multiplication and 
regenerant differentiation in somatic tissues. 
3. To select the best suited media formulations for direct regeneration. 
4. To study the effect of metals (Zn, Cu and Cd) on in vitro axillary 
proliferation and their accumulation in the regenerated plantlets. 
5. To understand the anatomical processes of shoot bud differentiation under 
the influence of plant growth regulators. 
6. To successfully acclimatize the regenerants under ex vitro conditions. 
7. To optimize the technique of synthetic seed production, storage and 
conversion into plantlets. 
8. To study the changes in physiological and biochemical parameters during ex 
vitro acclimatization of in vitro regenerated plantlets. 
9. To check the clonal fidelity of micropropagated plantlets using IS SR 
markers. 
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2. REVIEW OF LITERTURE 
Plant biotechnology occupies a key role in second green revolution with emerging 
plant tissue culture techniques as an important link between conservation and 
sustainable utilization of genetic diversity (Cruz-Cruz et al. 2013). Tissue culture 
has become a popular method for vegetative propagation of plants and is possible 
because of continuous efforts of many scientists since two decades. 
The recitation of plant tissue culture begins with the concept of cell theory given by 
Schleiden (1838) and Schwann (1839) that established the cell as a structural and 
functional unit of living organism and implies that cells are autonomous. The 
concept was tested experimentally by Haberlandt after 130 years with exploiting 
the autonomous (totipotency) nature of plant cells and published first in 1902 with 
the title "Attempts to Culture Isolated Plant Cells", in which he pointed out the 
possibility of the culture of cells and tissues in vitro. He experimented with isolated 
mesophyll cells (Lamium purpureum and Eichhornia crassipes), epidermal cells 
(Ornitivogalum) and hair cells (Pulmonaria) using knop's nutrient solution, sucrose, 
aspargine and peptone. Although, Haberlandt was futile in getting the results but 
clearly established the concept of tolipotency by predicting that one could 
successfully cultivate artificial embryos from vegetative cells and the technique of 
cultivating isolated plant cells in nutrient solution permits the investigation of 
important problems from a new experimental approach. Thus, Haberlandt is 
justifiably recognized as the father of plant tissue culture. 
The first successful experiment to obtain growth and cell division in plant cell 
cultures was conducted by White (1934) in isolated tomato roots on medium 
containing sucrose, mineral salts and yeast extract and by Gautheret (1934) in 
cambial tissue of Acer pseudoplatanus, Ulmus campestre, Robinia pseudoacacia 
and Salix capraea using agar-solidified medium of Knop's solution. These studies 
of White and Gautheret had opened the field of root and cambial tissue culture, 
which was further explored by many workers. 
The recognition of the importance of B vitamins in yeast extract and the auxin IAA 
allowed significant advances to be made in tissue culture investigations (Went 
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1926) and was applied by Gautheret (1939) for carrot propagation as the first plant 
tissue culture with unlimited growth. Simultaneously, White (1939) and Nobecourt 
(1939) also devised possibility of plant tissue cultivation for unlimited periods in 
Nicotiana hybrid and carrot tissues respectively. After 1940's the applicability of 
coconut water for the cultivation of young embryos (Van Overbeek 1941) and 
callus cultures of numerous plant species including a variety of woody and 
herbaceous dicots and gymnosperms as well as crown gall tissues (Gautheret 1985, 
Nobecourt 1955) was also found effectual for the tissue culture revolution. 
The drastic increase in the in vitro cultivation of number of plant species was found 
by the availability of a cytokinin named as kinetin from DNA hydrolysate by 
Skoog (1955). Skoog and Miller (1957) led to the recognition of the exogenous 
balance of auxin and kinetin by supplying Kn in the tobacco callus culture medium, 
which influenced the morphogenic fate of tobacco callus and devised that a 
relatively high level of auxin to kinetin favoured rooting, the reverse led to shoot 
formation and intermediate levels to the proliferation of callus or wound 
parenchyma tissue. A big accomplishment in the field of plant tissue culture was by 
the formation of bipolar somatic embryos for the first time in carrot tissues reported 
by Reinert et al. (1959) and Steward et al. (1958) in addition to the formation of 
unipolar shoot buds and roots. Nevertheless, it was during this period that most of 
the in vitro techniques used today were largely developed. 
With the starting of mid-1960s, there was a dramatic increase in plant tissue culture 
applications to various problems in basic biology, agriculture, horticulture, and 
forestry throughout the 1970s and 1980s and was achievable because of the 
formulation of MS medium by Murashigue and Skoog in 1962. Through utilizing 
MS medium, Guha and Maheshwari (1966) made first successful report of haploid 
plant production via culturing the anthers of Datura innoxia that opened the new 
area of androgenesis. Besides, several other authors (Murashigue 1979, Thorpe 
1980) also reported traditional morphogenic studies by using other bulky explants 
such as cotyledons and hypocotyls and produced de novo organs and plantlets in 
hundreds of plant species during this period. 
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During the 1990s, continual expansion in the application of in vitro technologies to 
an increasing number of plant species was observed and successful cultures were 
achieved with all types of plants including cereals and grasses (Vasil and Vasil 
1994), legumes (Davey et al. 1994), vegetable crops (Reynolds 1994), potato 
(Jones 1994) and other root and tuber crops (Krikorian 1994), temperate and 
tropical fruits (Zimmerman and Swartz 1994), plantation crops (Krikorian 1994) 
and ornamentals (Debergh 1994), which previously considered to be recalcitrant 
groups (Thorpe 2007). Further, the physiological and biochemical studies on 
organogenesis were also carried out to evaluate the effect of artificial environment 
on in vitro plant morphogenesis (Thorpe et al. 1990). 
Plant tissue culture methods were also applied for efficient morphogenefic studies 
in forest trees as reviewed by Bonga (1982), Thorpe et al. (1990), Pijut et at 
(2012), Anis et al. (2012) and Kataria et al. (2013) etc. Infact, tree tissue culture 
was started dates back to 1934 when Gautheret first reported callus induction from 
cambial tissues of several woody species. Since then numerous regeneration 
systems have been attempted in woody trees propagation by several authors 
(Altman 2003, Giri et al. 2004, Diego et al. 2010, Kesari et al. 2012). While the 
micropropagation of legumes was first reported by Gamborg et al. (1968) in 
excised meristems of pea on B5 medium supplemented with the growth regulators 
BAP and NAA. Subsequently several leguminous woody tree species were 
successfully propagated in vitro such as Dalbergia spp. (Chand, and Singh 2004), 
Acacia spp. (Girijashankar 2011), Albizia spp. (Sinha et al. 2000, Mamun et al. 
2004, Rajeshwari and Paliwal 2008, Chosh et al. 2010, Borthakar et al. 2012, 
Perveen et al. 2011, 2012, Perveen et al. 2013b), Bauhinia spp. (Gutierrez et al. 
2011, Naz et al. 2011, 2012), Pterocarpus spp. (Chand and Singh 2004, Husain et 
al. 2008, Vipranarayana et al. 2012), Clitoria spp. (Lakshmanan and Taji 2000), 
Cassia spp. (Parveen et al. 2010, 2012, Parveen and Shahzad 2010, 2011), 
Pongamia spp. (Kesari et al. 2012), Pithecellobium spp. (Goyal et al. 2012), 
Leucaena spp. (Shaik et al. 2009) and Cyamopsis spp. (Ahmad et al. 2013) etc. 
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Micropropagation of forest frees in vitro is not only a means for mass scale 
propagation of superior clones of tree species but it can be used for developing 
transgenic plants and conservation of germplasm through cryopreservation. Since 
tissue culture methods have also been successfully integrated with modem forest 
tree management programmes (Somers et al. 2003). 
Therefore, the progress in applied plant biotechnology is fully matching and is 
without doubt stimulating fundamental scientific progress, which remains the best 
hope for achieving sustainable and environmentally stable agriculture. Indeed, the 
advancements made in the last 100 year with in vitro technology have gone well 
beyond what Haberlandt and the other pioneers could have imagined. 
2.1. Micropropagation 	s 
Micropropagation is an alternative method of vegetative plant propagation and 
produces plants in a rapid way not only generating clonal planting stocks, but also 
effectively captures genetic variation while by passing long breeding cycles (Girl et 
al. 2004). It is accomplished by several means i.e., multiplication of shoots from 
different explants such as nodal or shoot tip segments having axillary buds or direct 
formation of adventitious shoots or somatic embryos from tissues, organs 
(cotyledon, root, hypocotyls, leaf etc.) or zygotic embryos. 
Micropropagation generally involves four distinct stages viz., 
Stage 0: In this stage plant material for in vitro culture is prepared to obtain 
hygienic and physiologically active better adapted starting material. 
Stage 1": Culture initiation depends on explant type or the physiological stage of 
the donor plant at the time of excision. Explants from actively growing shoots are 
generally used for mass scale multiplication (George 1993). 
Stage 2Id: Shoot multiplication is a crucial step and achieved by using Plant 
Growth Regulators i.e., auxins and cytokinins supplied in nutrient medium and 
influenced by subculture passages. 
Stage 3rd: The elongated shoots, derived from the multiplication stage are 
subsequently rooted either in vitro or ex vitro. 
Stage 4th: Acclimatization of in vitro grown plants. 
16 
Chapter 2 `Review of literature 
All the micropropagation stages (0-4"') are crucial for in vitro plant induction, 
multiplication and establishment from in vitro to ex vitro environment. For in vitro 
plant propagation sterile environment is mandatory (0 stage), so that the totipotent 
tissues collected from plant's shoot, bud, stem, root etc., (ls' stage) be placed on an 
aseptic, nutrient rich medium for multiple plants production and elongation after 
several subculture (2"d stage). The nature of the culture medium and nutrient salts 
for in vitro plant propagation and root induction (3rd stage) are optimized according 
to the plant to be grown (Thorpe 1983). 
The most critical and important step of micropropagation studies is the transfer of 
regenerants from artificial (Photomixotrophic growth) to natural (Photoautotrophic 
growth) environment (4'" stage). Although artificial growth conditions support rapid 
growth and multiplication but rendering these plants to survive when transferred 
directly to the field. Thus, step 41" is compulsory for in vitro raised plants to let the 
plants gradually become completely autotrophic (Pospisilova et al. 2007). 
Different methods of in vitro vegetative propagation are used (1s' Stage) (George 
1993) which includes; 
a) Propagation from axillary buds/shoots 
• Shoot (or shoot tip) culture 
• Single or multiple node culture 
b) Formation of adventitious shoots or embryos 
• Directly, on pieces of tissue or organs 
• Indirectly, on callus tissues 
2.1.1. The propagation of plants from axillary buds or shoots 
Micropropagation without an intervening callus phase is advantageous over 
conventional vegetative propagation in terms of quantity, quality and economics 
(Altman and Loberant 1998). In general, three modes of in vitro plant regeneration 
have been in practice, organogenesis, embryogenesis and axillary proliferation. The 
difference mainly matters when it relates to the genetic stability of the resulting 
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micropropagated plants, the obvious option then would be axillary and adventitious 
shoot proliferation. 
The nature of explants to be used for in vitro propagation is to a certain extent 
governed by the method of shoot multiplication to be adopted. Meristems and shoot 
tip culture has been exploited at a much wider scale due to its applicability for rapid 
clonal multiplication, virus elimination and gennplasm preservation of both 
vegetative and seed propagated plants. For enhanced axillary branching and virus 
free plant production from an infected individual shoot tip explants are suitable 
which carry a pre-formed vegetative bud. However, for the in vitro propagation of 
virus eradicated plants the most suitable explants are nodal cuttings as sub-terminal 
segments can withstand the toxic effects of sterilizing agents much better than the 
terminal cuttings (Cassells et al. 1980). Morel was the first to use axillary bud 
explants for orchid culture in .1960. Since then several plant species have been 
propagated especially long life cycle forest trees through axillary shoot 
proliferation from terminal and sub-terminal explant method as recently reported by 
Rout et al. (2008) in Acacia chundra, Gonzales et al. (2011) in Cedrela odorata 
and Vipranarayana (2012) in Pterocarpus santilinus etc. it has been increasingly 
recommended by research workers as they are least likely to induce somaclonal 
variation (Prakash and staden 2008, Ahmad and Anis 2011). 
The techniques of micropropagation employed for multiplication and conservation 
can also facilitate studies on effects of elevated levels of abiotic stresses on shoot 
morphogenesis and growth performance. Though in vitro techniques has been used 
as an excellent tool for the trial and selection of metal tolerant plant lines and 
reported by several authors i.e., Rout et al. 1999, Rabier et al. 2003, Maiti et al. 
2004 and Sakhanokho and Kelley 2009. With the use of in vitro techniques 
researchers have selected plants tolerant to several metal ions viz., aluminium, 
copper, manganese, zinc and nickel (Arnold et al. 1994, Gori et al. 1998, 
Samantaray et al. 1999, Bojarczuk 2004, Ibrahim and Yousir 2009). Bojarczuk 
(2004) reported that microcuttings of poplar and birch produced in vitro cultures on 
media supplemented with aluminium proved to be the more tolerant to Aluminium 
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than microcuttings obtained from cultures without Aluminium. Similarly, Vera-
estrella et al. (2009) reported Arabidopsis halleri as a model Zn hyperaccumulating 
plant by performing in vitro studies as it showed not only the tolerance for Zn but 
also the ability to accumulate it. Similarly, several reports showed the positive 
effect of different metals during in vitro propagation of several plant species i.e., 
Bacopa monniera (Ali et al. 1998, Srivastava et al. 2002), Populus (Spirochova et 
al. 2003), Flolarrhena antidysenterica (Agarwal and Sharma 2006), Salvinia natans 
(Mohan and Hosetti 2006), Alianthus altissima (Gatti 2008), Arachis hypogia 
(Dinaker et al. 2008), Cicer arietinum (Tantrey and Agnihotri 2010) and Albizia 
lebbeck (Perveen et al. 2012) etc. 
2.1.1.1. Multiple shoots from seeds 
Production of large scale plants tinder in vitro through intact seedling explants is 
outstanding and may prove to be the powerful tool for germplasm conservation and 
mass production of imperative plant species by culturing seeds directly on 
regeneration medium. As germination of seeds occurs, clusters of axillary and/or 
adventitious shoots ("multiple shoots") grow out, split up and serially subcultured 
on the same medium. High rates of shoot multiplication are possible, for instance, 
Hisajima (1982) estimated that 10 million shoots of almond could be derived 
theoretically from one seed per year. Therefore, the application of intact seedling 
method in the propagation of multipurpose plant species provides timely supply of 
plant materials required for the isolation of drugs by the pharmaceutical industries 
without depleting natural plant resources as well as for reforestation of degraded 
and exploited lands. Several authors (Malik et al. 1993, Prakash et al. 1994, Bhuyan 
et al. 1997, Arya et al. 1999, Das et al. 1999, Hussain et al. 2008) have reported the 
use of intact seedling method in several medicinally and economically important 
plant species (Lathyrus cicera, Cajanus cajan, Murraya koenigii, Dendrocalamus 
asper, Litchi chinensis and Sterculia wrens) for quick germplasm production and 
conservation. 
19 
Chapter 2 ~ Review of literature 
2.1.2. Propagation by adventitious shoot organogenesis 
Direct induction of adventitious shoots from the explant tissues without intervening 
callus phase is called direct morphogenesis. The term adventitious is defined as "to 
develop from unusual points of origin". Shoots usually develop from axillary buds 
but callus, cotyledons, hypocotyls, leaves, petioles, stems, flower petals, roots or 
oilier tissues can be stimulated to form shoots. The chances of mutants arising with 
this method are far high than with the single node or axillary shoot methods but less 
than the callus culture (Krul and Myerson 1980) and also the rates of propagation 
can be very high. The induction of shoot depends on the plant organ and plant 
species from which the explant was excised. Ono and Uehara (1982) observed 
direct adventitious bud induction from petal explants of Chelidonium majus without 
callus phase formation on Kn and IAA containing medium. Douglas (1985) 
reported adventitious bud induction in internodes of several Poplar spp. 
Regeneration of shoots via adventitious buds has been reported in Prunus avium 
(Hammatt and Grant 1998), Dalbargia sissoo (Chand et al. 2002), Salix nigra 
(Lyyra et al. 2006), Paulownia tomentosa (Corredoira et al. 2008), Cassia 
angustifolia (Siddique et al. 2010) and Albizia lebbeck (Perveen et al. 2011) by 
using either leaf, cotyledon, inflorescence, petiole and root explants. 
2.1.2.1. Regeneration from roots, cotyledon and hypocotyl explants 
De novo organ formation in aseptic tissues under in vitro has been well documented 
in several plant species as callus phase is absent and it follows the sequence; 
Primary explants—► Meristemoids—► Organ system (Karam and Al-Majathoub 
2000). Organogenesis without an intervening callus phase is a preferred system 
since extensive callus formation can lead to somaclonal variation (Preece and Imel 
1991). Pioneering work on the establishment of root culture of tomato was 
established by White (1934), afterwards, several studies proved organogenic root 
culture. Perera and Ozias-Akins (1991) and Bhatt et al. (1992) induced direct 
adventitious shoot regeneration from root explants in Sweet potato and Citrus 
aurantifolia to overcome callus culture difficulties. Nine year old root cultures of 
Solanum khasianum and Atropa bailadonna induced de novo organogenesis 
without any variations (Chaturvedi and Sharma 1987). Root has proved highly 
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regenerative explant for adventitious organogenesis in forest species and are 
advantageous due to higher regeneration and excellent susceptibility for 
transformation studies (Morton and Browse 1991, George 1993). Shoot induction 
from root explants have been described in several plant species i.e., Citrus 
aurantifolia (Ghat et al. 1992), Averrhoa carambola (Kantharajah et al. 1992), 
Lonicerajaponica (Georges et al. 1993), Acacia albida (Ahee and Duhoux 1994), 
Albizzia julibrissin (Sankhla et al. 1994), Aeschynomene sensitive (Nef-Campa et 
al. 1996), Azadirechta indica (Arora et al. 2011), Shorea robusta (Chaturvedi et al. 
2004), Melia azedarach (Vila et al. 2003), Populus alba (Tsvetkov et al. 2007), 
Cleome rases (Sitnoes et al. 2009), Swertia chirata (Pant et al. 2010), Pass ii fora 
edulis (Viana da Silva et al. 2011) and Albizia lebbeck (Gharyal and Maheshwari 
1983, Perveen et al, 2011). 
Cotyledon and hypocotyl tissues from seedlings had also proven efficient explants 
for successful de nova organogenesis in many plant species including woody one 
(Singh et al. 2002). Cotyledon and hypocotyl explants can be obtained over a short 
period of time by growing seeds under sterilized conditions and without any season 
restriction shown to possess high morphogenic potential. Sinha and Mallick (1993), 
Detrez et al. (1994), Szasz et al. (1995) and Geetha et al. (1998) reported 
organogenesis in Albizia falcataria, Sesbania grand(ora, Capsicum annuum and 
Cajanus cajan respectively in cotyledon and hypocotyls explants by using various 
PGRs to select the most responsive genotype for genetic manipulation. Several 
attempts were performed successfully by several workers for de nova 
organogenesis from cotyledon (Mehta et al. 2005, Mulwa and Bhalla 2006, Kawana 
et al. 2007, Sujatha et al. 2008, Shaik et al. 2011, Panda and Hazra 2012) and 
hypocotyl (Nagori and Purohit 2004, Shang et al. 2006, Du and Pijut 2008, Shaik et 
al. 2011, Stevens and Pijut 2012) explants. 
2.2. Factors affecting in vitro shoot regeneration and growth of plants 
Several factors can influence the success of in vitro shoot regeneration such as 
genotype, type of explants, nutrient media, plant growth regulators and in vitro 
conditions before and after the regeneration process (Ishag et al. 2009). 
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2.2.1. Explant type 
The explant is an important factor in determining the in vitro responses as this may 
suggest the levels of endogenous hormones or their hormone response might vary 
between organs. Axillary shoot propagation via node or shoot tip culture has 
proved a reliable method for large number of plant species propagation viz., 
Syzygium alternifolium (Shaik et al. 1999), Tectona grandis (Tiwari et al. 2002), 
Ceratomia sit/qua (Romano et al. 2002), Pterocarpus santalinus (Prakash et al. 
2006), Bambusa glaucescens (Shirin and Rana 2007), Acacia chundra (Rout et al. 
2008), Jatropha (Leema and Rosakutty 2012) etc. having three advantages, better 
survival, faster growth and more axillary buds. Furthermore, juvenile (seedling) 
explants offer pathogen free shoots and also preclude the dependence on field 
material and season. The use of juvenile explants have widely utilized in 
propagation of many multipurpose woody plants viz., Eucalyptus grandis x 8. 
urophylla (Cid et al. 1999), Myrica esculenta (Bhatt and Dhar 2004), 
Thamnocalamus spath Torus (Bag et al. 2000), Dendrocalamus hamiltonii (Sood et 
al. 2002), Pterocarpus marsupium (Husain et al. 2008), Clitoria ternatea (Mukhtar 
et al. 2012) and Bauhinia tomentosa (Naz et al. 2012). Apart from that axillary bud 
proliferation ofjuvenile and clonal material have differences in shoot proliferation 
rates as juvenile material proved more responsive (Germana et al. 2011) in many 
explant types viz., cotyledon (Shaik et al. 2011), hypocotyl (Stevens and Pijut 
2012) and root (Viana da Silva et al. 2011). 
2.2.2. Media Type 
Organogenesis requires the re-initiation of cell division and moderation of cell 
differentiation, which is possible by the application of appropriate nutrient medium 
and plant growth regulators (Benson 2000). In meticulous, it is the nutrient and 
PGRs ratio of the medium that determines the developmental pathway which the 
regenerating tissues will take (Benson 2000). The media used by earlier workers 
were based on Knop's solution followed by the media developed by White (1943). 
Murashige and Skoog's medium (1962) is a milestone in plant tissue culture study 
and is the most continually used medium in several woody plant species namely, 
Pistacia vera (Onay et al. 2000), Azadirachta inc//ca (Salvi et al. 2001), Melia 
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azedarach (Vila et al. 2003, Husain and Anis 2009), Syzygium cuminii (Rathore et 
al. 2004), Holarrhena antidysenterica ( Kumar et al. 2005), Plerocarpus 
marsupium (Husain et al. 2006, 2008), Vitex nigundo (Ahmed and Anis 2007), 
Albizia lebbeck (Perveen et al. 2011, 2012) and Simmondsia chinensis (Kumar et 
al. 2012). Based on MS medium's composition, other medium [B5 medium of 
Gamborg et al. (1968) and Woody Plant medium of Llyod and McCown (1981)] 
were evolved to meet the diverse experimental and species specific requirements. 
The differences in responses at various basal medium are attributed due to the 
difference in macronutrient and micronutrient levels as MS medium has a higher 
concentration of basal salts [ammonium (NH4l, nitrate (NO3) and calcium (Ca*2)] 
than WPM (Murashige 1990) but lower than B5 medium (Warakagoda and 
Subasinghe 2009). Thus, MS medium have a standard nutrient supply with neither 
high nor low salts concentrations favouring growth in higher plant species. 
The methodology of tissue culture is fully applicable when tissues from almost any 
plant species can be cultured successfully which depends upon the nutrient media 
choice as an important step. Husain and Anis (2009) found MS medium best with 
PGRs for rapid shoot induction and multiplication from nodal explants of Melia 
azedarach. Khan et al. (2011) demonstrated the best shoot induction in nodal 
explants of Salix tetrasperma in WPM medium. Bhatt and Dhar (2004) established 
higher efficiency of WPM over other types of medium like B, (Gamborg et al. 
1968). Gharyal and Maheshwari (1990) found best plant regeneration from leaf 
petioles on B5 medium supplemented with BA. Likewise, Wang et al. (2005) 
showed B5 and WPM medium best for shoot regeneration from axilary buds in 
Camptotheca accuminata, while Douglas and McNamara (2000) obtained 
adventitious shoot regeneration in Acacia mangium using DKW medium. Several 
studies make comparisons among different nutrient media for axillary and 
adventitious shoot regeneration. Wang (1991) observed a higher degree of multiple 
shoot formation of the Pyrus communis L. rootstock BP 10030 on Woody Plant 
Medium (Lloyd and McCown 1981) than on MS medium in a double phase culture 
system (consisting of a liquid medium overlaid on semisolid medium). Yeo and 
Reed (1995) found that the nutrient medium of Cheng (1979) was better for shoot 
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multiplication than WPM for a genetically diverse group of root stock of Pyrus 
communis, P. betulifolia and P. calleryana. Whereas, Lu (2005) in Vitis thunbergii 
and Thakur and Kanwar (2008) in Pyrus pyrifolia reported that WPM resulted in 
enhanced axillary shoot proliferation as comparedto MS, Nitsch and Nitsch (NN) 
and various modifications, while Gonzalez-Rodriguez et al. (2010) found it true for 
adventitious shoot regeneration from stem explants of Tabebuia donnell-smithii 
rose. 
The composition, type and strength of basal medium also play an important role in 
shoot multiplication. Full strength of MS medium was found favourable for 
multiple shoot production in Holarrhena antidysentrica (Mallikarjuna and 
Rajendrudu 2007), Pterocarpus santalinus (Rajeshwari and Paliwal 2008), Acacia 
nilotica (Abbas et a]. 2010), Albizia lebbeck (Perveen at al. 2011) and Vitex 
negundo (Ahmad and Anis 2011) etc. Modification in the MS medium such as one 
half strength has been found effective in Anacardium occidentale (Das et al. 1996). 
MS medium has been used successfully for shoot induction in tree tissue culture 
(Rodriguez and Vendrame 2003). Superiority of MS mediun over other salt 
formulations has been demonstrated in several other leguminous trees also. A few 
to mention are Bauhinia vahlii (Upreti and Dhar 1996), Acacia mangium (Nanda et 
al. 2004), Albizia felcataria (Ghosh et al. 2010) and Albizia lebbeck (Perveen et al. 
2011). 
2.2.3. Plant Growth regulators 
Phytohormones have direct (involved in cell division or cell growth) or indirect 
(interacting with other hormones or molecules) effects on plants. Over the last few 
years, a multitude of models have been proposed to show how plant hormones 
interact to control plant development (Santner and Estelle 2009, Jaillais and Chory 
2010). 
Plant growth regulators are the vital media components in determining the 
developmental pathway of the plant cells and ensure a high frequency of in vitro 
plant cell totipotency. In natural environment plants possess natural growth 
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hormones and the synthetic compounds which act like these natural plant hormones 
are called "Plant Growth Regulators" (Davies 1995). Auxins, cytokinins and auxin-
cytokinin interactions are usually considered to be the most important PGRs for 
regulating growth and organized development in plant tissue and organ cultures as 
these two classes of hormones are usually requisite (Vasil and Thorpe 1994). The 
influence of plant growth regulators and their interaction on micropropagation of 
different plant species have been discussed by Gaspar et al. (1996), Rout and Das 
(1997) and Rout et al. (2000). 
The most important tissue culture media additives are the cytokinins (Harry and 
Thorpe 1994). Plant species require exogenous cytokinins supply in the tissue 
culture establishment medium to support the growth and development of shoots as 
it regulate cell division, stimulate axillary and adventitious shoot proliferation and 
differentiation by activating RNA synthesis and ultimately protein and enzyme 
synthesis (Sugiyama 1999). The success of a culture is affected by the type and 
concentration of applied cytokinins because their uptake, transport and metabolism 
differ between varieties and they can interact with endogenous cytokinins of an 
explant (Van Staden et al. 2008). 
Among different cytokinins, 6-benzyadenine (BA) or sometimes Kinetin (6-
furfurylaminopurine; Kn) are most frequently used in tissue culture systems 
(Barciszewski et al. 1999). Vengadesan et al. (2002) reported that BA singly was 
common in most of the in vitro micropropagation systems of different species of 
Acacia irrespective of the explants and media type. Similarly, the positive effect of 
BA on shoot multiplication of teak has been reported by a number of researchers 
(Shirin et al. 2005). 	The successful node cultures were developed in 
Paraserianthes falcataria on the medium supplemented with BA and Kn 
(Sasmitanuhardja et al. 2005). In the same way, axillary shoot development of 
node microcutting in several leguminous tree species were reported on BA and Kn 
containing medium such as Albizia chinensis (Sinha et al. 2000), Pterocarpus 
marsupium (Chand and Singh 2004), Albizia odoratissima (Rajeswari and Paliwal 
2008), Albizia falcataria (Widiyanto et al. 2008), Albizia lebbeck (Perveen et al. 
25 
Chapter 2 Review of literature 
2011, 2012). Kn was also found to be very successful for establishing in vitro 
regenerative protocol for many plant species such as Eupatorium adenophorum 
(Borthakur et al. 2000) and Swietenia macrophylla (Rocha and Quoirin 2004). In 
Bauhinia vahlii, maximum shoot multiplication was achieved in MS medium 
supplemented with 2.5 gM Kn + 100 mg/l AdS (Dhar and Upreti 1999). Mature 
tree derived nodal explants of Pongamia cultured in different concentrations of 
BA-AdS did not show bud break after 15 days of culture while the explants 
cultured on Kn-AdS containing media exhibit bud break initiated after 15 days of 
culture. While in Terminalia bellerica nodal segments exhibited maximum shoot 
multiplication when cultured on medium supplemented with BA and Kn (Mehta et 
al. 2012). 
Among naturally occurring cytokinins, 2-iP (2-isopentyl adenine) has been found 
competent in a number of plant species. Chattopadhyay et al. (1995) achieved rapid 
in vitro propagation protocol for Mucuna pruriens using 2-1P. Similarly, Jakola et 
al. (2001) obtained best results in Vaccinium myrtillus and Vitis-idaea utilizing 
higher levels of 2-iP (49.2 µM and 24.6 pM) with modified MS medium while 
lower concentration (12.3 µM) were recommended by Pereira (2006) for 
Vaccinium cylindraceum micropropagation. Similarly, Singh and Gurung (2009) 
reported 2-iP as a more effective cytokinin than BA and Kn for multiple shoot 
induction in Rhododendron maddeni and date palm. Similarly, Dixon and Gonzales 
(1994) confirms that 2-iP induces shoot and leaf growth in plant propagation. 
Several synthetic compounds are also in prominent use which influences the 
growth and morphogenesis of in vitro regenerated plants for instance, TDZ [N-
Phenyl-N'-(1,2,3-thiadiazol-5-yl)urea; thidiazuron] is a plant bioregulator that 
induces axillary and adventitious shoots induction (Huetteman and Preece 1993, 
Pradhan et al. 1998). TDZ act through the modulation of the endogenous plant 
growth regulators, modification in cell membrane, energy levels, nutrient uptake or 
nutrient assimilation (Murthy et al. 1998). Feyissa et al. (2005) reported TDZ 
effectiveness for direct shoot regeneration at lower concentration in I3agenia 
abyssinica, while higher concentrations promoted callusing. TDZ has been proved 
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effective in many explant type such as cotyledonary nodes of Dalbergia sissoo 
(Pradhan et al. 1998) and Leucaena leucocephala (Shaik et al. 2009), nodes of 
Cannabis sativa (Lata et al. 2009) and Cardiospermum halicacabum (Jahan and 
Anis 2009), cotyledons of Macadamia (Mulwa and Bhalla 2006) and Poplar (Cseke 
et al. 2007), roots of Albizia julibrissin (Sankhla et al. 1996) and hypocotyls of 
Astragalus titer (Basalma et al. 2008). While, Urtubia et al. (2008) found 
improved shoot regeneration from hypocotyls slices of Prunus by supplementing 
TDZ in combination with IBA as compared to TDZ alone in the regeneration 
medium. 
Apart from cytokinin, auxins also plays a crucial role in the differentiation of 
cultured tissues under in vitro by exerting a strong influence over processes such as 
cell growth expansion, cell wall acidification, initiation of cell division and 
organization of meristems, giving rise to either unorganised tissues (callus) or 
defined organ (roots) and promote vascular differentiation (Gaspar et at 1996). The 
most important naturally occurring auxin is IAA (Tndole-3-acetic acid) but 
limitedly usable in plant cell culture media because of its instability to both heat 
and light. Occasionally amino acid conjugates of IAA are more stable and used to 
partially alleviate the problems associated with the use of IAA. These analogues 
have different structures but similar biological properties and are also called auxins. 
2,4-dichlorophenoxyacetic acid (2,4-D), a-naphthalene acetic acid (NAA) and 
Indole-3-butyric acid (IBA) are the most commonly used auxins and are effective 
in most circumstances. Other auxins are available and some may be more effective 
or `potent' than these auxins in some instances. During plant tissue culture studies 
synthetically prepared auxins get denatured in media and rapidly metabolized 
within plant tissues hence are common in use (Gaspar et al. 1996). 
Cytokinin and auxin are recognized as crucial signalling molecules controlling 
plant growth and development. Skoog and Miller (1957) proved that root and shoot 
development in tobacco pith tissue cultures depend on the cytokinins-auxin ratio 
and that organ differentiation can be regulated by changing the relative 
concentrations of these two growth factors in the culture medium. The mode of 
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interaction between cytokinin and auxin often depends upon the plant species and 
organ being cultured. Hence, organogenesis relies on the inherent plasticity of plant 
tissues and is regulated by altering the components of the medium. In particular, it 
is the auxin to cytokinin ratio of the medium that determines which developmental 
pathway the regenerating tissue will take by achieving the correct exogenous 
balance of the key hormones, shoot formation can be induced in cultures. Addition 
of low levels of auxins along with cytokinin is known to increase shoot number in 
many plant species like Gymnema sylvestre (Reddy et al. 1998), Tectona grant/is 
(Shirin et al. 2005) and Vitex nigundo (Ahmad and Anis 2011). BA in combination 
with NAA increases the shoot forming capacity of nodal and cotyledonary nodes 
manifolds in Mucuna pruriens as reported by Faisal et al. (2006 a, b). Similar 
observations were made by Rajeshwari and Paliwal (2008) in Albizia odoratissima 
and Girijashankar (2011) in Acacia auriculiformis. Whereas BA-IAA combinations 
was efficient in Aegle marmelos (Nayak et al. 2007) and Chrysanthemum 
morifolium (Waseem et al. 2009). Also, Kn-NAA synergism and their triggering 
effect on shoot bud induction and multiplication has been established in Alpinia 
officinarurn (Selvakkumar et al. 2007) and Gardenia jasminoides (Duhoky and 
Rasheed 2010). A range of auxins in combination with cytokinins played a vital 
role in multiple shoot regeneration in many tree species (Vengadesan et al. 2002, 
Giri et al. 2004, Anis et al. 2012) including woody legumes for instance BA in 
combination with IAA was found best in multiple shoot induction and 
multiplication from shoot tip and nodal segments of tree legume Acacia chundra 
(Rout at al. 2008). Also the interaction of BA and NAA was effective for highest 
shoot induction from different explants (cotyledon, node, internode etc.) of Albizia 
chinensis, Acacia Senegal and Acacia nilotica (Sinha et al. 2000, Khalafalla and 
Daffalla 2008, Abbas et al. 2010). 
2.2.4. Carbohydrate source 
Carbohydtrate supplements are essential in the tissue culture of plants when 
heterotrophic and mixotrophic systems are used. A number of carbohydrate sources 
support growth but their requirement and sustainability can vary from species to 
species according to their effect on the physiology and differentiation of tissue 
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(Karhu 1997). The exogenous carbohydrates of the nutrient medium serve as 
energy and carbon sources and also help in the maintenance of osmotic potential of 
cells and conservation of water (Hazarika 2003). The conservation of water is 
essentially important for ex vitro establishment of plants because in vitro grown 
plants lack a well developed cuticle and epicuticular wax (water housekeeping 
system) (Van Huylenbroeck et al. 2000). Moreover, exogenous supply of sugar 
increases starch and sucrose reserves in micropropagated plants and could favour 
ex vitro acclimatization by accelerating physiological adaptations (Pospisilova et al. 
1999). Nonetheless, addition of sugar to the culture media has been shown to be 
negatively correlated with growth (Kwa et al. 1995), photosynthesis (Serret et al. 
1997, Hazarika 2003) and expression of enzymes of the carbon assimilatory 
pathway (Kilb et al. 1996). 
The responses of in vitro cultures to different carbon sources viz., sucrose, fructose, 
glucose etc. added to the medium are frequently tested during medium optimization 
for various plant species. There are reports on successful shoot cultures of Malus 
species in the presence of sorbital, sucrose, fructose or glucose but the type of 
carbohydrates effects the growth and frequency of shoots developed. Stimulated 
axillary branching from the microshoots of Malus was observed on sorbital 
containing media with increased biomass production (Karhu 1997). Gubis et al. 
(2005) stated that medium supplemented with 30 g/l sucrose produced healthier and 
more vigorous plantlets of Lycopersicon esculentum than those of other types and 
concentrations of carbohydrate. Other research revealed that plantlets were better 
achieved on medium supplemented with 30 g1l glucose in culture of Vaccinium 
vitis-idaea (Debnath 2005) and Eclipta alba (Baskaran and Jayabalan 2005). While, 
sucrose and sorbitol were found best in in vitro culture of saga palm and the best 
medium for explant growth was MS supplied with 22.5 g/l sucrose and 7.5 g/1 
sorbitol (Novero et al. 2010). In banana (Musa spp. cv Shima), Buah et al. (2000) 
found that plantlets on media containing sucrose produced higher numbers of 
leaves than on media with glucose and fructose. Sumaryono et al. (2012) found 
sucrose as best than other type of carbohydrate (maltose, glucose and fructose etc.) 
and the concentration of 30 g/l was found best for the growth and vigor of sago 
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plantlets. Generally, sucrose is widely used in plant tissue culture due to its most 
favorable effect on growth and relatively low cost. 
2.2.5. Medium pH levels 
Besides the selection of most favourable basal culture medium and growth 
regulators, another factor important for successful plant micropropagation is the 
hydrogen ion concentration of the medium expressed by the pH value. It influences 
the utilization of medium components such as macro and microelements and 
growth regulators. In general, pH values in the range of 5.5-5.8 are recommended 
for in vitro culture .of the majority of plant species (George 1993). However, the 
most effective pH value is specified to the individual plant species and even 
cultivars experimentally. Wolfe et al. (1986) studied the correlation between 
medium pH and shoot growth in Vaccinium corymbosum cv. Bluecrop. They found 
no significant differences in shoot elongation on woody plant medium (WPM) at 
pH 4.0-6.0, but shoot growth declined markedly at pH 6.5 decreasing the 
micropropagation yield. In Vaceinium spp., Finn et al. (1991) confirmed that higher 
pH (6.0) had negative effects not only on seed germination in vitro but also on the 
dry weight of seedlings. Ostrolucka et al. (2004) tested different pH range (3-6) in 
Vaccinium species and optimum range 5.0 was found suitable for culture, whereas, 
high medium acidity (pH 3.0) inhibited shoot growth. While Staniene and Stanyte 
(2007) observed that substrate pH affected cranberry microshoot length both in ec 
vitro and in vitro conditions. 
It is known that medium pH effects not only on the uptake of medium ingredients 
but also on chemical reactions especially those catalyzed by enzymes (Thorpe et al. 
2008). In the absence of pH regulation, the ionization of acidic and basic groups 
causes considerable changes in structure that affect their function at the cellular 
level (Sakano 1990). 
The pH of tissue culture media decreases by uptake of NI-L and increases by 
uptake of NO3 (Schmitz and Loa 1990). A change of medium pH may have 
various effects that may influence performance and development of explauts 
(George and de Klerk 2008). The optimal pH level regulates the cytoplasmic 
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activity with cell division and the growth of shoots (Brown et al. 1979). The p1I 
also influences the status of the solidifying agent in a medium, a pH higher than 6 
produces a very hard medium and a pH lower than 5 does not sufficiently solidify 
the medium (Bhatia and Ashwath 2005). Therefore, it is necessary to optimize the 
pH level for maximum shoot regeneration. The proliferation of Azadirachta indica 
shoots significantly increased when the pH of the culture medium was adjusted to 
5.8 before autoclaving (Gautam et al. 1993). Meanwhile, Nair and Seeni (2003) 
also found the best shoot multiplication at pH 5.8 level in a medicinal plant 
Calophyllum apetalum. Karim et al. (2007) reported in Aralia elata that lower and 
higher pH levels than 5.8 showed a low performance for the induction and 
elongation of shoots from leaf derived calli. The capacity of cell cultures to utilize 
NH4 as sole N source was found to depend on keeping the pH of medium above 
5.0 (Dougall and Verma 1978). Faisal et al. (2006 a) tested a wide range of pH 
levels for shoot induction and reported maximum multiplication rate at pH 5.8 in 
Mucttna pruriens. Similar findings were reported by Siddique and Anis (2007) in 
Cassia angustiJblia and Perveen et al. (2011) in Albizia lebbeck. 
2.3. Rooting 
During niicropropagation, rooting of microshoots is often problematic and fatalities 
having vast economic consequences (De Klerk 2002). Thus, adventitious rooting is 
a complex process and a key step in the vegetative propagation of economically 
important woody species playing a mandatory role in the successful production of 
in vitro plants. The intricacies involved in adventitious rooting were reviewed by 
Gaspar et al. (1994) and Rout et al. (2000). During root induction step, optimization 
of basal medium, basal medium strength and plant growth regulators effect is 
critical. Full strength MS medium was found satisfactorily well for root induction 
in a number of plant species viz., Anemopaegma arvense (Pereira et al. 2003), 
Pongamia pinnata (Sugla et al. 2007), Cassia angust(folia (Siddique ct al. 2010) 
and Vitex nigundo (Alunad and Anis 2011) but as the concentration of salts was 
reduced to half or much lower levels ('/3 or %4), a remarkable increase in the root 
induction frequency was observed in several plant species. In case of Bauhinia 
tomentosa (Naz et al. 2011), Albizia lebbeck (Perveen et al. 2011), Nyctanthes 
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arbour-tristis (Jahan et al. 2011) and Salix tetrasperma (Khan et al. 2011), half 
strength MS medium was found superior to full strength MS medium for root 
development. Jahan and Anis (2009) reported that rate of root multiplication 
amplifies when concentration of MS salts were further reduced to one-third in 
Cardiospennum halicacabum. 
Among the PGRs, auxins have been known to be involved in the process of 
adventitious root formation for a long time. The interdependent physiological 
phases comprising the rooting process are associated with changes in endogenous 
as well as exogenous auxin concentrations in the rooting medium (Heloir et al. 
1996). The widely used sources of auxins for microshoots rooting are the IBA, 
NAA, IAA and commercialization root promoters. Auxins have been shown to be 
effective inducers of adventitious roots in many woody species for instance in Vitex 
nigundo (Ahmad and Anis 2011), a high percentage (95 %) of shoots rooted well 
when IBA was used at 1.0 gM concentration. Similar findings has been reported by 
Kim et al. (1997) in Liquidambar s yrac fua, Pereira et al. (2003) in Anemopaegma 
arvense, Sugla et al. (2007) in Pongamia pinnata and Rai et al. in Uraria pieta. 
While the equimolar concentration (1.0 gM) of IAA and IBA induced maximum 
rooting response in Garcinia indica (Malik et al. 2005) and Rauvolfia tetraphylla 
(Faisal et al. 2005). Well developed shoots of Rauvolfia tetraphylla were 
successfully rooted ex vitro with 90 % rooting frequency by a 30 min pulse 
treatment with 150 p.M IBA (Faisal et al. 2012). Ex vitro rooting of niicrocuttings 
was also reported for Cassia angustifolia (Siddique and Anis 2007), Melia 
azedarach (Husain and Anis 2009) and Nyctanthes arbor-tristis (Jahan et al. 2011). 
2.4. Synthetic seeds: concept, process and application 
A synthetic or artificial seed is referred to an artificially encapsulated somatic 
embryo or non-embryogenic vegetative propagules like apical shoot buds, axillary 
buds, nodal segments, adventitious buds or any other meristematic tissue that can 
be used as functionally mimic seed for sowing possesses the ability to convert into 
a plant under in vitro or ex vitro conditions and can retain this potential even after 
storage (Danso and Ford-Lloyd 2003, Rai et al. 2008). Potential advantages of 
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encapsulation technology include ease in handling (due to small size of capsule), 
genetic uniformity of plants and direct delivery to the field. Synthetic seeds can be 
made available throughout the year where most of tree species produce seeds only 
in certain months of the year (Bapat and Mhatre 2005). The most important use of 
synseeds for trees could be in exchange of elite and axenic plant material between 
laboratories due to small bead size and relative ease of handling these structures 
(Ahmad and Anis 2010, Anis et al. 2012). 
The concept of synthetic seed was given by Murashige (1977) and practically 
applied by Kitto and Janick (1982) for the first time in carrot by coating a mixture 
of somatic embryo in a water soluble resin, polyoxyethylene glycol (Polyox) to 
produce desiccated somatic embryos. Later, Redenbaugh et al. (1984) were 
successful in producing synthetic seeds for Alfalfa by encapsulating somatic 
embryos with alginate hydrogel. Since then several research groups have reviewed 
(Ara et aI. 2000, Rai et aL 2009) and working on synthetic seeds with different 
plant species including woody trees; like in Dalbergia sissoo nodal segments were 
used for producing synthetic seeds in 3 % (w/v) sodium alginate and 75 mmol/1 
calcium chloride as gelling matrix (Chand and Singh 2004). Similarly, for the 
formation of ideal synthetic seeds, nodal segments of Punica granatum derived 
from in vitro shoot cultures or axenic cotyledonary nodes were encapsulated in 3 % 
(w/v) sodium alginate with complexation in 100 mM calcium chloride (Naik and 
Chand 2006). Hung and Trueman (2012) reported the medium term synseed 
preservation (12 months) of hardwood genera Corymbia and Khaya prepared by 
encapsulating shoot tips and nodes in 3 % (w/v) sodium alginate and 100 mM 
CaCl2  and assessed shoot regrowth on media varying in sucrose and nutrient 
content. While axillary buds of Eucalyptus grandis were encapsulated and stored 
successfully in water for 6 months at 10 °C and 4 pmol m-2 s4  irradiance (Watt et 
al. 2000). Encapsulated shoot bps and cotyledonary nodes of Cedrelafissilis were 
stored for 3-6 months in nutrient and sugar free media at 25 °C and 20-25 imol ni Z 
s' irradiance, with higher regrowth capacity of encapsulated shoot lips on 0.4% 
agar-solidified medium (Nunes et al. 2003). Similar reports with different explant 
encapsulation in several woody plant species have been reported in Decalepis 
33 
Chapter 2 1 Review of literature 
hamiltonii (Sharma and Shahzad 2012), Rubus idaeus (Alvarez et al. 2003), 
Quercus spp. (Tsvetkov and Hausman 2005), Morus spp. (Kavyashree et al. 2006), 
Psidium guajava (Rai et al. 2008), Vitex negundo (Ahtnad and Anis 2010), Citrus 
sinenais x Poncirus trifoliate (German et al. 2011), Rauvolfia tetraphylla (Alatar 
and Faisal 2012) etc. 
2.5. Acclimatization 
Successful micropropagation of plant species can be achieved through the 
establishment of explants, their initial growth in vitro being followed by 
transplanting into the greenhouse or field conditions. During in vitro cultivation, 
plantlets grow in the conditions dependent on the vessel and closure types including 
constant temperature, very high air humidity, low irradiance, variable and often 
insufficient CO2 concentration, sugars as carbon source, water potential and growth 
regulators dependent on medium composition etc. (Solarova or al. 1996). 
Acclimatization of plantlets obtained from culture vessels leads to the morphology, 
anatomy and physiology different from naturally grown plants (Pospisilova et al. 
1999, Hazarica 2006, Pinto et al. 2011). The main problem of ex vitro transfer is 
high rates of water loss from the plantlets taken out from the culture vessel. Even if 
the water potential of the substrate in which plant has .transferred (sand or soil with 
nutrient solution) ex vitro is higher than the water potential of the media with 
sucrose, the plantlets may quickly wilt. The cause is unrestricted rate of 
transpiration due to the retardation in the development of cuticle and functional 
stomatal apparatus (Pospisilova et al. 2007). The heterotrophic mode of nutrition 
and poor mechanism to control water loss make micropropagated plants vulnerable 
to the transplantation shocks when directly placed in a greenhouse or field. 
Therefore, after ex vitro transfer the physiological and anatomical characteristics of 
micropropagated plantlets necessitates there gradual acclimatization to the 
autotrophic conditions having low air humidity, high irradiance etc. to check 
photoinhibition caused due to lack of well developed physiological systems. Thus, 
the acclimatization of micropropagated plantlets to ex vitro conditions is a crucial 
and necessary step to cope with the new environment for better growth and 
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development and can be improved by increasing basic physical factors namely 
photosynthetic photon flux density (PPFD) (Amancio et al. 1999). 
2.5.1. Physiological and Biochemical studies 
Limited photosynthetic performance in in vitro raised plants due to the incomplete 
activation of photosynthetic apparatus could be overcome by gradual growth 
chamber acclimatization process under controlled environmental conditions to 
allow development of both leaf and chloroplast (Amancio et al. 1999, Fuentes et al. 
2005). Sometimes leaves developed in in vitro plants are not able to expand 
photosynthetic competence hence during acclimatization period plant may develop 
new leaves to adjust in new autotrophic conditions enabling effective 
photosynthesis and growth (]eon et al. 2005). 
Modulation of photosynthetic pigment changes and photosynthetic efficiency has 
proved to be a key property during acclimatization and failure to optimize these 
physiological changes during acclimatization is possibly responsible for the poor 
performance. In Calathea louisae the chlorophyll and carotenoid contents were 
almost three times higher at 30 day after ex vitro transfer in newly formed leaves 
(Van Huylenbroeck et al. 2000), while contradictory in Spathiphyllum floribundum 
the in vitro formed leaves were photosynthetically competent and normal source-
sink relations were observed (Van Huylenbroeck et al. 1998). Pospisilova et al. 
(1999) reviewed an enhancement in the contents of the photosynthetic pigments 
during the acclimatization of nilcropropagated plantlets. Siddique and Anis (2008) 
found an initial abrupt decrease in chlorophyll contents during the starting days of 
acclimatization of Ocimum basilicum followed by subsequent increase with the 
acclimatization period. Similar pattern of changes in chlorophyll content was 
reported by Lavanya et al. (2009) in in vitro raised neem plantlet acclimatization 
and Faisal and Anis (2010) in Tylophora indica plantlet acclimatization. 
Nevertheless, all these observations proved that heterotrophic or photomixotrophic 
plantlets are potentially capable of developing functional photosynthetic pigments 
and measurable photosynthetic rates (Ticha et al. 1998), when passes through the 
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gradual hardening process under controlled environmental conditions (Amancio et 
al. 1999, Van Huylenbroeck et al. 2000). 
Chandra et al. (2010) indicated that high light regime during acclimatization has a 
direct influence on the transition to in vitro characteristics and on final yield 
without symptoms of light stress. In the same way, Carvalho et al. (2001) in 
grapevine and chestnut and Perveen et al. (2013a) in Abrus precatorius reported 
acclimatization of plants under high irradiance treatments (150 and 300 µcool M  2 
s') after in vitro phases at 50 µcool nf 2 s 1 . For both high irradiance treatments and 
all species, leaves formed during acclimatization (so called `new leaves') showed 
higher photosynthetic capacity than the leaves formed in vitro under heterotrophic 
conditions. In grapevine, unlike chestnut, net photosynthesis increased significantly 
with increased light availability and 300 µcool ni Z s proved the upper threshold 
for acclimatization of chestnut. Net photosynthetic rate in Solanum tuberosum and 
Spathiphyllum floribundum plants decreased in the 1st week after transplantation 
and increased thereafter proving establishment of plants under ex vitro environment 
(Pospisilova et al. 1999). 
2.5.1.1. *tttioxidant enzymes 
During acclimatization process to cope the ex vitro environmental changes, the in 
vitro raised plants modify their physiological conditions using antioxidant systems 
against reactive oxygen species (ROS), which is one of the common plant 
responses under stress conditions. Water stress and photoinhibition accompanied 
the acclimatization of in vitro grown plantlets to ex vitro conditions are probably 
the main reason of oxidative stress (ROS) production (Pinto at al. 2011). However, 
if ROS are formed they must be removed immediately since they can damage 
biomolecules such as lipids, proteins, pigments and nucleic acids (Schuetzenduebel 
and Polle 2002). Hence, against the oxidative stress plants have the enzymatic and 
non enzymatic mechanism of antioxidant defence systems located in distinct cell 
organelles (peroxisomes, chloroplast and mitochondria). The enzymatic 
antioxidants are SOD (Superoxide dismutase), CAT (catalase), APX (ascorbate 
peroxidase) and OR (glutathione reductase), which neutralize the free radicals (OZ, 
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H202, 102) produced due to oxidative damage and reduce the potential damage 
caused by them (Asada 2006). Superoxide dismutase converts the O2 radical into 
H202 and water. The accumulation of H202 is prevented in the cell by its reduction 
to water through the actions of either CAT, guaiacol peroxidase or APX (Apel and 
Hirt 2004). APX catalyses ascorbate oxidation to dehydroascorbate, while GR 
reduces glutathione with the help of NAD (P)H (Smirnoff 2000, Mitrovic et al. 
2012). 
Van Huylenbroeck et al. (2000) reported that micropropagated plants develop 
antioxidant mechanism during acclimatization. Under high irradiance 
acclimatization process of plantlets, significant changes in the activity of the 
antioxidant enzymatic system were observed in the micropropagated plantlets of 
Calathea spp. (Van Huylenbroeck et al. 2000), Phalaenopsis spp. (Ali et al. 2005), 
Zingiber ofjicinale (Gunn et al. 2008), Rauwolfia tetraphylla (Faisal and Anis 
2009), Tylophora indica (Faisal and Anis 2010), Ocimum basilicum (Siddique and 
Anis 2008) and Tecomella undulata (Varshney and Anis 2012). Several studies 
confirms the functioning of a sufficient pool of antioxidant enzymes found decisive 
in in vitro plants acclimatization since it directly influences plant survival and plant 
performance (Batkova et al. 2008). Serret et al. (2001) in Gardenia jasmiinoides 
and Dias et al. (2012) in Ulmus minor confirmed the efficiency of initial hardening 
of plants improved the development of photosynthetic apparatus and sustained the 
plant under natural environment without declining the growth. 
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2.6. Clonal fidelity of micropropagated plants 
Plant tissue culture is regarded as a major area of biotechnology because of its 
potentiality to regenerate elite genetic resources, however scaling up of any 
micropropagation protocol is rigorously hindered due to incidences of somaclonal 
variations (Larkin and Scoweroft 1981). Somaclonal variations may occur due to 
phenotypic and genetic variations during in vitro propagation and subsequently 
may give rise to genetically variable plants which is a potential drawback for the 
propagation of an elite plant species (Kaeppler et al. 2000). Therefore, the clonal 
fidelity is essential to maintain the advantages of desired elite genotype for true-to-
type clones production (Rahman and Rajora 2001, Chandrika and Rai 2009). 
Several techniques are available to assess tissue culture induced variations in plants 
such as morphological descriptions, physiological supervisions, cytological studies, 
isozymes and molecular markers (Gupta and Varshney 1999). However, the 
molecular markers are regarded as rapid, sensitive and more reliable alternative 
approach (Sharma et al. 2008). The scarcity of reports on ascertaining the genetic 
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fidelity of tissue culture raised plantlets can jeopardise the quality of 
micropropagated plants, especially in perennials like Albizia species where any 
undesirable variant would last for several years (Negi and Saxena 2010). Therefore, 
it is pertinent to screen the regenerants at regular intervals for the occurrence of any 
somaclonal variation. 
PCR-based techniques are of specific interest for the identification and study of 
genetic similarity because they are simple and fast. Among different PCR-based 
markers (RAPD, ISSR, RFLP etc.), ISSR (Inter simple sequence repeat) are the 
simple, reliable, and cost effective techniques that do not require any prior 
information for primer designing (Jokipii et al. 2004, Lakshamanan et al. 2007, 
Agnihotri et al. 2009). ISSR markers have been successfully used for the detection 
of somaclonal variation in various micropropagated plants (Carvalho et a1. 2004, 
Martins et al. 2004, Modgil et al. 2005). In contrast to Restriction Fragment Length 
Polymorphism (RFLP) no radioactive probes are required for ISSR and thus found 
to be suitable for the assessment of in vitro raised and conserved plant materials 
(Lakshamanan et al. 2007). When compared with the widely used RAPD marker, 
ISSR have higher reproducibility (Fang and Roose 1997) show higher 
polymorphism (Kojima et al. 1998) and are more informative (Reddy et al. 2002). 
Moreover, the long length of ISSR primers (15— 30 mers) as against RAPDs (10 
mers) permits the use of high annealing temperatures and thus leads to higher 
stringency. In addition, ISSR primers are arbitrary, multi-loci markers produced by 
PCR amplification with microsatellite primers. Besides, ISSR markers are highly 
polymorphic and useful in studies on genetic diversity, phylogeny, gene tagging, 
genome mapping and evolutionary biology (Reddy et al. 2002, Gostimsky of al. 
2005). Moreover, they are easy and quick to develop and use. The ISSR markers 
have proved useful in establishing genetic stability of several micropropagated 
plants such as plantlets obtained from the Populus tremuloides tissue cultures of 
dormant vegetative buds and those derived from the same donor tree grown in the 
greenhouse did not exhibit any sign of visible morphological variation when tested 
by using ISSR primers (Rahman and Rajora 2001). In the same way, in 
Ochreinauclea missions ISSR markers were found appropriate to determine the 
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genetic fidelity of in vitro multiplied plantlets by using mature nodal segments 
(Chandrika and Rai 2009). Similar observations were reported in Swertia chirayita 
(Joshi and Dhawan 2007), Dictyospermum ovalifolium (Chandrika et al. 2008), 
Ochreinauclea mission is (Chandrika and Rai 2009) and Bambusa balcooa (Negi 
and Saxena 2010) by using ISSR primers. Recently, Kesari et al. (2012) employed 
ISSR markers to determine the genetic fidelity of in vitro raised plantlets of 
Pongamia pinnata and proved that in vitro regenerants were found to be 
phenotypically normal and essentially identical with their mother plant during 
hardening and acclimatization stage which suggest the absence of somaclonal 
variations. 
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3. MATERIAL AND METHODS 
3.1. Plant material and explants source 
Mature seeds and nodal segments were obtained from a 20 year old candidate plus 
tree (Fig. 2A) maintained in the Botanical garden of the Aligarh Muslim 
University, Aligarh, India. 
3.2. Surface Sterilization 
The healthy seeds from mature fruits (Fig. 211, C, D) and mature nodal segments 
were washed thoroughly in running tap water for 30 min. Seeds and nodal segments 
were immersed in 1% (w/v) solution of Bavistin, a fungicide, for 15 min and 2 min 
to remove adherent particles from the surface and later treated with 5% (v/v) 
Teepol solution for 20 and 3 min respectively. Thereafter, the seeds and nodal 
explants were rinsed thrice with sterile distilled water followed by surface 
sterilization in 0.1% (w/v) FIgC12 solution under laminar flow hood for 15 and 3 
min. Finally, the explants were rinsed thrice with sterile distilled water to remove 
the traces of HgCZ solution. Sterilized seeds and nodal explants were inoculated on 
respective medium i.e., germination or onto the shoot induction medium. 
3.3. Establishment of aseptic seedling and preparation of explants 
The disinfected seeds were inoculated on MS (Murashige and Skoog 1962) basal 
medium alone or supplemented with different concentrations (1.0, 2.5, 5.0, 7.5 and 
10.0 µM) of 6-benzyladenine (BA), Kinetin (1(n), Thidiazuron (TDZ) and 
Giberellic acid (GA3) for seed germination. Nodes (1-1.5 cm), cotylidonary nodes 
(1-1.5 cm), cotyledons, hypocotyls (1.0-1.5 cm) and root (1.0-1.5 cm) segments 
excised from 15 days old seedlings (Fig. 2F) and sprouting epicotyls excised from 
25 days old intact seedlings were used as explants (Fig. 11 A, B). 
3.4. Culture media 
Primary basal medium used for in vitro studies was MS (Murashige and Skoog 
1962) medium. Other media like B5 (Gamborg et al, 1968) and WPM (Lloyd and 
McCown 1981) were also tested in full and half strength for maximum shoot 
induction and proliferation. 
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3.4.1. Composition of basal media 
The different constituents of MS and B5 medium along with their concentrations 
used are listed in Table 1. WPM medium was used as a readymade preparation 
procured from the Duchefa Biochemei Company (The Netherlands). 
3.4.2. Preparation of stock solution 
The constituents of MS and B5 depicted on Table 1 and 2 were prepared in the form 
of four different stock solutions. Stock I- Major Salts (20 X), Stock II- Minor salts 
(200 X), Stock III- FeSO4.71120 and Nat EDTA. 2H20 (100 X) and Stock IV-
Organic nutrients except sucrose (100 X). 
All stock solutions were made separately by dissolving the required amount of 
solute in double distilled water. The reasons for preparing different stock solutions 
are that certain kind of chemicals, when mixed together will precipitate and does 
not remain in solutions. To prepare one litre of medium, 50 ml of stock solution 1,5 
ml of stock solution II and 10 ml of each of stock solution III and IV were taken. 
The stock solutions were stored in a refrigerator at 4°C and regularly checked for 
visible contamination. 
For each plant growth regulator, separate stock solutions were prepared by 
dissolving it in a minimal quantity of appropriate solvent (1 N NaOH or absolute 
alcohol) and then making up the desired volume with DDW. The different 
concentration of growth regulators used in the present study was prepared from 
stock solutions by using the following formula; 
SlV1 — S2V2 
Where, 
St 	= Strength of stock solution 
Vi 	= Volume of the stock solution required 
S2 = 	Strength of desired solution 
V2 	= Volume of desired solution 
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Table 1: Nutritional composition of MS and B5 medium 
Amount (mg/1) 
Macronutrients 
Mg5O4.7H2O 370 250 
KH2PO4 170 - 
KNO3 1900 2500 
NH4NO3 1650 - 
CaCl2.2H20 440 150 
NaH2PO4.H2O - 150 
(NH4)2SO4 - 134 
Micronutrients 
H3BO3 6.2 3.0 
MnSO4.4H2O 22.3 - 
MnSO4.H2O - 10.0 
ZnSO4.7H2O 8.6 2.0 
Na2MoO4.2H2O 0.25 0.25 
CuSO4.5H20 0.025 0.025 
CoC11.6H=O 0.025 0.025 
I{I 0.83 0.75 
FeSO4.7H2O 27.8 - 
Na2EDTA.2H20 37.3 - 
Sequestrene 33OFe - 28 
Organic supplements 
Thiamine HCI 0.5 10.0 
Pyridoxine HCI 0.5 1.0 
Nicotinic acid 0.5 1.0 
Myo-inositol 100 100 
Others 
Glycine 2.0 - 
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Table 2: Stock solutions for MS and B5 medium 
Amount (mgfl) 
Stock solution I (20 X) 
M SO .7H O 7440 250 
K11 PO 3400 
KNO3 38000 2500 
N114NO3 33000 - 
CaC1.211 O 8800 150 
NaH PO H O 150 
(N1114 },SO4 - 134 
Stock solution II (200 X) 
Th1193 1240 3.0 
MnSO .4H O 4460 - 
MnSO4.1320 10.0 
ZnSO .7f O 1720 2.0 
Na MoO .2H O 50 0.25 
CuSO .SH O 5.0 0.025 
CoCI.6H O 5.0 0.025 
HI 166 0.75 
Stock solution 111(100 X) 
FeSO .7H O 27.8 
Na EDTA.2H O 37.3 
Sequestrene 330Fe - 28 
Stock solution IV (100 X) 
Thiamine IICI 0.5 10.0 
ridoxine HCI 0.5 1.0 
Nicotinic acid 0.5 1.0 
Myo-inositol 100 100 
Others 
Glycine 2.0 - 
3.4.3. Plant growth regulators and carbon source 
Depending upon the experimental set up, MS basal medium was supplemented with 
various plant growth regulators such as cytokinins viz., 6-benzyladeninc (BA), 6- 
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fitrfurylnminopurine or Kinetin (Kn), 2-isopentenyladenine (2-iP) or Thidiazuron 
(TDZ) either singly at various concentrations (0.5, 2.5, 5.0, 7.5, 10.0, 12.5 pM and 
TDZ; 0.5, 1.0, 2.5, 5.0 and 7.5 i.M) or in combination with auxins viz., Indole-3-
hutyric acid (IBA), indole-3-acetic acid (IAA) or u-naphthalene acetic acid (NAA) 
at different concentrations (0.1, 0.5, 1.0, 1.5 and 2.0 µM). 3 % (w!v) sucrose was 
added in all the experiments as a sole carbon source. 
3.4.4. Adjustment of pH, gelling of medium 
The pH of the MS and WPM medium was adjusted to 5.8 and B5 to 5.5 using IN 
NaOf1 or HCI using a pH meter (Elico Pvt. Ltd., India) prior to autoclaving. The 
medium was solidified with 0.8 % (w/v) agar (Quoligen's Fine Chemicals, 
Mumbai) by dissolving it in a microwave until a clear gel is formed. 
The effect of various medium (MS, WPM and B5), different pH levels (5.0, 5.4, 
5.8, 6.2 and 6.6) and carbon sources (sucrose, glucose and fructose) on 
morphogenesis were also assessed using optimal combination of PGRs. 
The media was dispensed in 25 x  150 mm test tubes each containing 20 ml of 
medium, while 50 ml in a 100 ml capacity Erlcnmcyer flasks (Borosil, India) and 
cotton plugs (single layered cheese cloth stuffed with non-absorbent cotton) were 
used as closures. The media was also dispensed in 12 cm x 6 cm glass bottles 
(Borosil, India), each containing 50 nil of medium and were covered with plastic 
caps. 
3.5. Sterilization 
3.5.1. Sterilization of medium 
All culture vials containing media were tightly plugged, wrapped with butter paper 
and autoclaved at 1.06 kg cm t' (121 "C) for 15 min and the medium in culture tubes 
were allowed to set as slants. 
3.5.2. Sterilization of glasswares and instruments 
All the glnsswares, instruments (wrapped in aluminium foil) and double distilled 
water etc., were sterilized by autoclaving at 1.06 Kg cute for 20 min. The forceps, 
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scalpel etc. made of stainless steel were sterilized by dipping them in rectified spirit 
followed by flaming and cooling before inoculation 
3.5.3. Sterilization of laminar air flow  hood 
The laminar air flow cabinet (NSW, Delhi) was sterilized by switching on 
ultraviolet light (provided by 30 W, UV tube, Phillips, India) for 30 min followed 
by wiping the working surface area with 70 % alcohol before any operation inside 
the cabinet. 
3.6. Inoculation and incubation 
Inoculation was performed under aseptic conditions of laminar air flow cabinet by 
using sterilized culture media, instruments and distilled water. The instruments 
were re-sterilized (time-to-time) during inoculation by dipping them in absolute 
alcohol followed by their flaming and cooling. The surface sterilized plant 
materials were transferred to petridishes and inoculated using sterilized forceps in 
culture vials followed by plugging with cotton plugs in quick succession 
All the culture vials were maintained at 24 ± 2 °C in a culture room under 16/8 h 
photoperiod with a photosynthetic photon flux density (PPFD) at 50 gmol m 2 s' 
provided by cool white fluorescent tubes (2d x 40 W, Phillips, India) with 55-60 % 
of the relative humidity. - 
3.7. Effect of Zn, Cu and Cd on in vitro axillary shoot proliferation 
The nodal segments (1.0-1.5 cm) excised from ten weeks old in vitro shoot cultures 
(obtained from mature nodal segments) were cultured on MS medium containing 
optimal concentrations of BA (10.0 µM) and NAA (1.0 µM) [named as 
Maintenance medium (MM)] with various concentrations of ZnSO4 (0.03 mM 
normal content in MS medium (control), 0.06, 0.12, 0.24 and 0.48 mM), CuSO4 
(0.0001 niM normal content in MS medium (control), 0.02, 0.05, 0.1 and 0.2 mM) 
and CdC12 (0.001, 0.003, 0.005 and 0.01 mM) singly to assess the effects of heavy 
metals on in vitro shoot morphogenesis. MS medium without plant growth 
regulators was used as control. 
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Leaves obtained from 10 weeks old in vitro metal (ZnSO4, CuSO4 and CdCl2) 
treated cultures were used for the evaluation of different physiological and 
biochemical parameters (Chlorophyll a, b, carotenoids and praline content) as 
mentioned in the section 3.11 
3.8. Rooting 
Rooting was attempted in the microshoots (4.0-5.5 cm) using in vitro and ex vitro 
methods. For in vitro root induction, the isolated shoots were transferred on full and 
half strength of MS medium with or without auxins viz; IAA, IBA or NAA at 
various concentrations (0.5, 1.0, 1.5, 2.0 and 2.5 gM) singly. 
Microshoots obtained from metal raised cultures, were transferred on root induction 
medium containing V2 MS supplied with 2.0 µM IBA (treated as control medium) 
singly or in combination with different metals supplied in different concentrations 
viz; ZnSO4 (0.06, 0.12, 0.24 and 0.48 mM), CuSO4 (0.02, 0.05, 0.10 and 0.20 mM) 
and CdCl2 (0.001, 0.003, 0.005 and 0.01 mM) individually for in vitro root 
induction as specified in the results. 
For ex vitro rooting, the basal end of the healthy shoots were dipped in IBA and 
NAA solutions at concentrations of 50, 100, 150, 200, 250 and 300 µM singly for 
30 min and then planted in small thermocups containing sterile soilrite (Keltech 
Energies Pvt. Ltd.) and covered with transparent polythene bags. Data on 
percentage rooting, number of roots and root length were recorded after 4 weeks of 
a vitro transplantation. 
3.9. Hardening and Acclimatization 
Plantlets with well developed shoot and root system were removed from the culture 
medium and washed gently under running tap water to remove any adherent gel 
from the roots and transferred to thermocoI cups containing sterile vermiculite, 
soilrite (Keltech Energies Pvt. Ltd., India) or garden soil for 4 weeks. These were 
kept at 24 ± 2 °C under 16/8 h light-dark conditions with a PPFD of 150 pmol m 2 s 
'and covered with transparent polythene bags to ensure high humidity and irrigated 
after every three days with half strength MS salt solution (without vitamins) for 21 
47 
Chapter 3 Material and Methods 
days. Polythene bags were removed after 21 days in order to acclimatize plantlets. 
After 4 weeks they were transferred to pots containing a mixture of garden soil + 
soilrite (1:1) and maintained in the similar culture room conditions upto next 6 
weeks, followed by green house transfer (garden soil) under normal day length 
conditions. 
Fully developed leaves obtained at transplantation day (day 0, control) and after 7, 
14, 21, 28, 35, 42, 49, 56, 63 and 70 days of acclimatization were used for the 
evaluation of different physiological and biochemical parameters (Chlorophyll alb, 
carotenoids content, photosynthetic rate, SOD, CAT, APX and GR) as mentioned 
below in the section 3.11. 
3.10. Synthetic seed production 
3.10.1. Explant Source 
Nodal segments approximately 1.0 cm-long excised from regenerated shoots (in 
vitro) were used as explants. 
3.10.2. Encapsulation matrix 
Sodium alginate (Qualigens, India) at different concentrations (1.0, 2.0, 3.0, 4.0, 
5.0 and 6.0 % w/v) was added to liquid MS medium. For complexation, 50, 100, 
150 and 200 mM CaC12.21120 solution was prepared using liquid MS medium. The 
pH of the gel matrix and the complexing agent was adjusted to 5.8 prior to 
autoclaving at 121 °C for 20 min. 
3.10.3. Encapsulation 
Encapsulation was accomplished by mixing the nodal segments with sodium 
alginate solution using a pipette and by dropping them in CaC12.2H20 solution. The 
droplets containing the explants were held at least for 20 min to achieve 
polymerization of the sodium alginate. The calcium alginate beads containing the 
nodal segments were retrieved from the solution with a tea strainer and rinsed twice 
with autoclaved distilled water to remove the traces of CaC12.2H20 and transferred 
to sterile filter paper in petridishes for 5 min under the laminar airflow cabinet to 
eliminate the excess of water and thereafter planted onto petridishes containing 
nutrient medium. 
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3.10.4. Planting media and culture conditions 
The encapsulated nodal segments (calcium alginate beads) were transferred to wide 
mouth culture flask (Borosil, India) containing MS and MS medium supplemented 
with plant growth regulators either singly or in combination as specified in results. 
The culture medium was gelled with 0.8 % (w/v) agar and pH was adjusted to 5.8 
prior to autoclaving at 121 °C for 20 min. Cultures were maintained at 24 ±2 °C 
under 16/8 h light-dark conditions with a PPFD of 50 pmol m 2 s " provided by cool 
white fluorescent tubes. 
3.10.5. Low temperature storage 
A set of encapsulated nodal segments were transferred to water and agar medium 
and stored in refrigerator at 4 °C. Seven different low temperature exposure times 
(0, 2, 4, 6, 8 and 10 weeks) were evaluated for regeneration. After each storage 
period, encapsulated nodal segments were cultured on MS medium supplemented 
with plant growth regulators for conversion into plantlets. The percentage of 
encapsulated nodal segments forming shoots was recorded after 10 weeks of 
culture in regeneration medium. The plantlets developed from encapsulated nodal 
segments were rooted, hardened off and acclimatized as specified above in the 
section 3.8 and 3.9. 
3.11. Physiological and biochemical studies 
3.11.1. Chlorophyll and carotenoids content estimation 
The chlorophyll (Chi a and b) and carotenoids content from leaf tissue was 
estimated by the method of MacKinney (1941) and Maclachan and Zalick (1963) 
respectively. 
3.11.1.1. Procedure and estimation 
About 100 mg fresh tissues from interveinal areas of leaves were grind in 5 ml 
acetone (80 %) with the help of mortar and pestle. The suspension was filtered with 
Whatman filter paper number- 1, if necessary the supernatant was again washed and 
filtered, the total filtrate was taken in graduated test tubes and final volume was 
made up to 10 ml with 80 % acetone. 
49 
Chapter 3 I Material and Methods 
The optical densities (O.D.) of chlorophyll solution was read at 645 nm and 663 nm 
wavelengths and for carotenoids, the O.D. was read at 480 nm and 510 nm 
wavelengths with the help of spectrophotometer (UV-Pharina Spec 1600, 
Shimadzu, Japan). The chlorophyll and carotenoids content were calculated 
according to the formula given below: 
12.7 (O.D. 663) — 2.69 (O.D. 645) 
Chlorophyll a (mg g1  fresh tissue) _ 
	 V 
dx1000xw 
22.9 (O.D. 645)-4.68 (O.D. 663) 
Chlorophyll b (mg g-' fresh tissue) _ 	 W 
d x  1000 x W 
7.6 (O.D. 480) —1.49 (O.D. 510) 
Carotenoids (mg g' fresh tissue) = 	 xV 
dx1000xW 
Where, 
O.D. = Optical density at the given wavelength. 
V = Final volume of chlorophyll extract in 80% acetone. 
d = Length of light path. 
W = Fresh weight of leaf tissue. 
3.11.2. Net photosynthetic rate (PN) 
3.11.2.1. Procedure 
The net photosynthetic rate (PN)  was measured on fully expanded leaves using a 
portable Infra-red Gas Analyzer (IRGA, LI-COR 6400, Lincoln, USA) on the basis 
of net exchange of CO2 between leaves and atmosphere by enclosing the leaves in a 
leaf chamber and monitoring the rate of CO2 concentration changed over short time 
intervals. The net photosynthetic rate was expressed as µcool CO2 m 2s'. 
3.11.3. Proline estimation 
3.11.3.1. Procedure 
Proline concentration was determined using the method of Bates et al. (1973). 
Fresh leaves (0.5 g) were homogenized in 10 ml of 3 % aqueous sulphosalicylic 
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acid. 2 ml aliquot of the supernatant was mixed with an equal volume of acetic acid 
and acid ninhydrin and incubated for 1 hour at 1001✓. The reaction was terminated 
in ice bath and praline was extracted with 4 ml of toluene. Absorbance was 
determined spectrophotometrically at 520 urn (UV 1700 Pharma-spec, Shimadzu, 
Japan) using toluene for a blank A calibration curve was plotted by using different 
concentrations (0.1-1.0 jig ml-`) of proline (Loba, India), treated similarly to the 
samples. The proline content is expressed in mg g' FW. 
3.11.4. Assessment of antioxidant enzyme activities 
3.11.4.1. Superoxide dismutase (SOD) 
Superoxide dismutase (Superoxide: superoxide oxidoreductase, EC 1.15.1.1) 
activity was measured via method given by Dhindsa et al. (1981) with slight 
modifications. 
3.11.4.1.1. Preparation of reagents 
1M Sodium bicarbonate solution 
15.9 g of sodium bicarbonate was dissolved in distilled water and the volume was 
made upto 100 ml. 
200 mM Methionine solution 
2.98 g of methionine was dissolved in DDW and the volume was made upto 100 
ml. 
2.25 mM Nitroblue tetrazolium (NBT) solution 
0.184 g of NBT was dissolved in 100 nil of DDW. 
3 mM EDTA 
It was prepared by dissolving 1.116 mg EDTA in 100 ml DDW. 
60 pM Riboflavin 
It was prepared by dissolving 2.3 mg of the chemical in 100 ml of DDW. 
Extraction buffer 
OS M Potassium phosphate buffer (p11 7.3) 
It was prepared from 0.5 M phosphate buffer (pH 7.3). The solution of monobasic 
potassium phosphate (K142PO4) and dibasic potassium phosphate (K2HPO4) were 
first prepared in the following manner: 
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Solution A: 3.40 g of KH2PO4 was dissolved in DDW and the volume was made 
up to 50 ml. 
Solution B: 8.70 g of K2HPO4 was dissolved in DDW and the volume was made 
upto 100 ml. 
To prepare the extraction buffer, solution A and B were mixed in an appropriate 
ratio and pH was adjusted to 7.3 with the help of a pH meter. To 100 nil of this 
buffer, 1 g of polyvinylpyrrolidone (PVP), 1 nil of Triton X- 100, and 0.11 g of 
EDTA were added. 
Reaction buffer 
0.1 M Potassium phosphate buffer (pH 7.8) 
0.1M phosphate buffer (pH 7.8) was used as extraction buffer. The solutions of 
potassium dihydrogen phosphate (KH2PO4) and dipotassium hydrogen phosphate 
(K2HPO4) were prepared in the following manner. 
Solution A: 1.3 g of KH2PO4 was dissolved in DDW and the volume was made 
upto 50 ml. 
Solution B: 1.70 g of K2HPO4 was dissolved in DDW and the volume was made 
up to 100 ml. Solution A and B were mixed in an appropriate ratio to adjust the pH 
at 7.8 with the help of a pH meter. To 100 ml of this buffer 1.0 g of PVP was 
added. 
3.11.4.1.2. Enzyme extraction and assay 
200 mg of fresh -leaf samples were homogenized in 2.0 ml of extraction buffer 
containing 1% polyvinylpyrrolidone (PVP), 1% Triton X-100 and 0.11 g of EDTA 
using pre-chilled mortar and pestle. The process of homogenization was carried out 
in an ice box at 4 °C. The homogenate was transferred to centrifuge tubes and 
centrifuged at 12000 rpm for I S min at 4 °C. 
Superoxide dismutase (SOD) activity in the supernatant was assayed by its ability 
to inhibit the photochemical reduction of nitroblue tetrazolium. The assay mixture, 
consisting of 1.5 ml reaction buffer, 0.2 ml of methionine, 0.1 ml enzyme extract 
with equal amount of 1M Na2HCO3, 2.25 mM NBT solution, 3 mM EDTA, 
riboflavin and 1.0 ml of DDW, was taken in test tubes which were incubated under 
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the light of 15W florescent lamp for 10 nun at 25/28 °C. Blank A containing all the 
above substances of the reaction mixture, along with the enzyme extract, was 
placed in light for 10 min and then under dark conditions. Blank B containing all 
the above substances of reaction mixture except enzyme extract was placed in light 
along with the sample. The reaction was terminated by switching off the light, and 
the tubes were covered with a black cloth. The non-irradiated reaction mixture 
containing enzyme extract did not develop light blue colour. Absorbance of 
samples along with blank B was read at 560 nm against the blank A. The difference 
of percent reduction in the colour between blank B and the sample was then 
calculated. The enzyme activity was expressed in Enzyme Units (EU) mg' protein. 
3.11.4.2. Catalase (CAT) 
Catalase (H202: H202 oxidoreductase; EC 1.11.1.6) activity in the leaves was 
determined by the method of Aebi (1984) with slight modifications. 
3.11.4.2.1. Preparation of reagents 
3mM 11201 
0. lml of H202  was mixed with 9.9 ml of DDW. 
3mM EDTA 
1.116 mg was dissolved in DDW and the volume was made upto 100 ml. 
Extraction Buffer 
0.5 M Potassium Phosphate Buffer (pH 7.3) 
Solution A: 3.40 g of KH2PO4 was dissolved in DDW and the volume was made 
upto 50 ml. 
Solution B: 8.70 g of K2HPO4 was dissolved in DDW and the volume was made 
upto 100 ml. 
Solution A and B were mixed in an appropriate ratio and pH was adjusted to 7.3 
with the help of a pH meter. To 100 ml of this buffer, 1.0 g PVP, 1.0 ml Triton X-
100 and 0.11 g of EDTA were added. 
Reaction Buffer 
0.5 M/0.25 M Phosphate buffer (pH 7.2/7.0) 
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Solution A: 3.40/1.70 g of KH2PO4 was dissolved in DDW and the volume was 
made upto 50 ml 
Solution B: 8.70/4.35 g of K2HPO4 was dissolved in DDW and the volume was 
made upto 100m1. 
Solution A and B were mixed in an appropriate ratio and pH was adjusted to 
7.2/7.0 with the help of a pH meter. 
3.11.4.2.2. Enzyme extraction and assay 
500 mg of fresh tissue from the interveinal areas of leaves was homogenized in 5 
ml of extraction buffer containing 1 % polyvinylpyrolidone (PVP), I % Triton X-
100 and 0.11 g EDTA using pre chilled mortar and pestle. The process of 
homogenization was carried out in an ice box at 4 °C. The supernatant was used 
immediately for enzyme assay. 
Catalase activity was determined by monitoring the disappearance of H202 by 
measuring a decrease in absorbance at 240 nm. Reaction was carried in a final 
"plume of 2 ml of reaction mixture containing reaction buffer with 0.1 ml 3 mlvf 
)TA, 0.1 ml of enzyme extract and 0.1 ml of 3 mM H202. The reaction was 
[owed to ran for 5 min. Activity was calculated by using Extinction Coefficient 
0.036 mM-1 cm-1 and expressed in enzyme Units (EU) mg' protein. One unit of 
zyme determines the amount necessary to decompose 1 gmol of H202 per min at 
i °C. 
11.4.3. Glutathione Reductase (Gil) 
lutathione reductase (NADPH: glutathione-disulphide oxidoreductase, EC 
6.4.2) activity was determined by the method of Foyer and Halliwell (1976) as 
odified by Rao (1992). 
11.4.3.1. Preparation of reagents 
xtraction Buffer 
X00 mM Potassium phosphate buffer (pH 7.0) 
Solution A: 1.36 g KH2PO4 was dissolved in DDW and the volume was made upto 
100 ml. 
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Solution B: 1.74 g of K2HPO4 was dissolved in DDW and the volume was made 
upto 100 ml. 
To prepare the extraction buffer, the two solutions A and B were mixed together in 
an appropriate amount and pH was adjusted to 7.0 with the help of a p1-I meter. To 
100 m] of this buffer, 1.0 g of PVP, 1.0 ml Triton X-100 and 0.11 g of EDTA were 
added. 
Reaction Buffer (0.25 M/ 0.1 M Tris-buffer) 
~~pa Azad Li 
0.2 mM NADPH  
j: 2 mg of NADPH was dissolved in 10 ml of DD W. 1k > l ;v c. No.........._._.. 
0.5 mM oxidized glutathione (GSSG)  
4 mg of GSSG was dissolved in 13 ml of DDW.  
..
gsli 	•~~ t ~ 
3.11.4.3.2. Enzyme extraction and assay 
500 mg of fresh leaf tissue from interveinal areas of leaves was homogenized in 2 
ml of extraction buffer containing 1% polyvinylpyrolidone (PVP), 1% Triton X-
100 and 0.11g of EDTA in a pre-chilled mortar and pestle. The process of 
homogenization was carried out in an ice box at 4 °C. The homogenate was 
centrifuged at 12000 rpm for 15 min at 4 °C. The supernatant was collected and 
used for the enzyme assay. 
GR activity was determined by monitoring the glutathione-dependent oxidation of 
NADPH at its absorption maxima of the wavelength 340 nm. 1.0 ml reaction 
mixture contained 0.2 mM NADPH, 0.5 mM GSSG and enzyme extract. The 
reaction was allowed to run for 5 min at 25 °C. Corrections were made for any 
GSSG oxidation in the absence of NADPH. The activity was calculated by using its 
Extinction Coefficient (a) 6.2 mM cm'' and expressed in Enzymes Units (EU) mg" 
protein. One unit of enzyme determines the amount necessary to decompose 1 µ 
mot of NADPH per min at 25°C. 
3.11.4.4. Ascorbate Peroxidase (APX) 
Ascorbate peroxidase (L- ascorbate: H2O2 oxidoreductase; EC 1.11.1.11) activity 
was determined by Nakano and Asada (1981). 
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3.11.4.4.1. Preparation of reagents 
0.5 mM Ascorbate 
44 mg of L-ascorbate was dissolved in DDW and the volume was made upto 100 
nil. 
0.3% (v/v) H2O2 
I ml of 30 % H202 was mixed with 99 ml of DDW. 
Extraction Buffer 
100mM Potassium phosphate buffer (pH 7.8) 
Solution A: 1.36 g KH2PO4 was dissolved in DDW and was made upto 100 ml. 
Solution B: 1.74 g of K2HPO4 was dissolved in DDW and the volume was made 
upto 100 ml. 
To prepare the extraction buffer, the two solutions A and B were mixed together in 
an appropriate amount and pH was adjusted to 7.0 with the help of a pH meter. To 
100 ml of this buffer, 1.0 g of PVP, 1.0 m] Triton X-100 and 0.11 g of EDTA were 
added. 
Reaction Buffer 
50 mM Sodium phosphate buffer (pH 7.2) 
Solution A: 1.142 g of NaH2PO4 was dissolved in DDW and the volume was made 
upto 100 ml. 
Solution B: 0.707 g of Na21lPO4 was dissolved in DDW and the volume was made 
upto 100 ml. 
50 mM PO4 buffer (pH 7.2) was prepared from these two, A and B solutions by 
mixing them in an appropriate ratio and pH was adjusted to 7.2 with the help of a 
pH meter. 
3.11.4.4.2. Enzyme extraction and assay 
100 mg of fresh leaf tissue from interveinal areas of leaves was ground in 4 ml of 
extraction buffer containing 1% polyvinylpyrrolidone, 1% Triton X-100 and 0.11 g 
of EDTA. 
Ascorbate peroxidase activity (AP() was determined by the decrease in absorbance 
of ascorbate at 290 nm, due to its enzymatic breakdown. 1.0 ml of the reaction 
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buffer contained 0.1 ml of 0.3% H2O2, 0.1 ml of 0.5 mM ascorbate, 0.1 all of 0.5 
mM EDTA and 100 µl enzyme extract. The reaction was allowed to run for 5 min 
at 25 °C. APX activity was calculated by using its Extinction Coefficient (e) 2.8 
mM''cm' and expressed in Enzyme Units (EU) mg' protein. One unit of enzyme 
determines the amount necessary to decompose I p.mol of substrate consumed per 
rain at 25 °C. 
3.11.4.5. Soluble protein 
The total soluble protein content of the leaves of regenerants was estimated 
following the method of Bradford (1976) using bovine serum albumin (BSA, 
Sigma, USA) as standard. 
3.11.4.5.1. Preparation of reagents 
10% (w/v) TCA 
10 g of TCA was dissolved in DDW to make a final volume of 100 ml. 
0.1 NaOH 
0.4 g of NaOH pellets was dissolved in DDW to make a final volume of 100 ml. 
Bradford's reagent 
50 ml 90% ethanol was mixed to 100 ml of orthophosphoric acid (85%). Its volume 
was made upto I L and 100 mg of Coomassie Brillian Blue (G) dye was added to it 
which was stirred well on a magnetic stirrer in dark covered volumetric flask. The 
solution was then filtered through Whatman filter paper number-1 and stored in 
dark conditions. Resultant reagent was called Bradford's reagent. The final 
concentration of components in the reagent were 0.01% Coomassie Brillian Blue 
G-250 (w/v), 4.75% ethanol (w/v) and 8.5% 0-phosphoric acid (w/v). 
Extraction buffer 
0.1M Phosphate buffer (pH 7.2) was used as extraction buffer. The solution of 
potassium dihydrogen phosphate (KH2PO4) and dipotassium hydrogen phosphate 
(K2HPO4) was prepared in the following manner: 
Solution A: 1.30g of KH2PO4 was dissolved in DDW and the volume was made to 
50 ml. 
Solution B; 1.70 g K2HPO4 was dissolved in DDW and the volume was made to 
100 ml. 
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Solution A and B were mixed in an appropriate ratio to adjust the pH at7.2 with the 
help of a pH meter. 1.0 g PVP was added to 100 ml of this buffer. 
3.11.4.5.2. Extraction and estimation of total soluble protein 
500 mg of fresh leaf material was homogenized in 5 ml of 0.1 M phosphate buffer 
(extraction buffer) at 4 °C with the help of a pre-chilled mortar and pestle and kept 
in an ice box during the process of homogenization. The homogenate was 
transferred to a 30 ml centrifuge tube and centrifuged at 5000 rpm for 10 min at 4 
C. An equal amount of chilled 10 % TCA was added to I ml of the supernatant, 
which was again centrifuged at 3300 rpm for 10 min. The supernatant was 
discarded and the pellets were washed with acetone. It was then dissolved in I ml 
of 0.1 N NaOH. 
To 0.1 ml of aliquot, 0.5 ml of Bradford's reagent was added and mixed using 
vortex mixer. The tubes were kept for 10 min for optimal colour development. The 
absorbance was then recorded at 595 nm on a UV-visible spectrophotometer. The 
soluble protein concentrations were quantified with the help of a standard curve 
prepared from the standard of Bovine Albumin Serum (BSA) from Sigma, USA. 
The protein content was expressed in mg g' FW. 
3.11.5. Estimation of lipid peroxidation 
Thiobarbituric acid reactive substances (TBARS) [expressed as equivalents of 
malondialdehyde (MBA)] content was determined using a modified protocol of 
Cakmak and Horst (1991). 
3.11.5.1. Procedure and Estimation 
Approximately 0.5 g leaf tissue was homogenized with 5.0 ml 0.1 % trichloroacetic 
acid (TCA) and centrifuged in a high speed refrigerated centrifuge (Compufuge 
CPR-30, Remi, Bangalore, India) at 15,000 rpm for 5 min. Then, 1 ml aliquote of 
the supernatant was mixed with 4 ml 0.5 % (w/v) thiobarbituric acid (TBA), 
prepared in 20 % (w/v) TCA, and incubated in boiling water for 30 min. Thereafter, 
it was immediately cooled on ice to stop the reaction and centrifuged at 12,000 rpm 
for 30 min. 
58 
Chapter 3 I Material and Methods 
The supernatant was placed in a UV-VIS spectrophotometer (UV-1700 
PharmaSpec) to determine the absorbance at 532 nm and corrected for non-specific 
turbidity by subtracting its absorbance at 600 nm. TBARS content was determined 
as follows; 
TBARS content (nmol g' fresh weight) _ (A532-A600) v x 1,000/a xW 
Where; 
s = specific extinction coefficient (155 mM-' cmi 1), 
V= volume of the extraction medium, 
W= fresh weight of leaf 
A600= absorbance at 600 nm 
A532— absorbance at 532 nm 
3.11.6. Estimation of H2O, content 
3.11.6.1. Procedure 
H202 content was measured after reaction with potassium iodide. Leaf tissue (0.5 g) 
was homogenised in 0.1 % (m/v) trichloroacetic acid (TCA) and centrifuged at 14 
000 rpm and the homogenate was used for the determination of H202 content by the 
method of Alexieva et al. (2001). The supernatant (0.5 ml) was mixed with 0.5 ml 
of 100 mM K-phosphate buffer (pH 7.8) and 2 ml reagent (1 M KI in fresh double-
distilled water H20). After I h in darkness, the absorbance was measured at 390 
mn. The blank probe consisted of 0.1 % TCA in the absence of leaf extract. The 
amount of hydrogen peroxide was calculated using a standard curve prepared with 
known concentrations of 11202. 
3.12. Atomic absorption spectroscopy 
The in vitro rooted plantlets were taken out from the culture vessels, dried at 60'C 
for 3 days and digested with concentrated HNO3 and HC1O2 at 75 C. Dry ash was 
dissolved in DDW to make final volume of 15 ml. The concentrations (mg kg' 
DW) of Zn, Cu and Cd were determined by Atomic Absorption Spectrophotometer 
(GBC Avanta Ver 2.02). 
59 
Chapter 3 1 Material and Methods 
3.13. Anatomical studies 
3.13.1. Fixation and Storage 
The differentiating explants were fixed in FAA solution consisting of Formalin: 
Glacial Acetic Acid: Alcohol (70 %) in the ratio of 4: 6: 90 (v/v). The fixed 
samples were stored in 70 % alcohol. 
3.13.2. Embedding, sectioning and staining 
Standard method of paraffin embedding (Johansen 1940) was followed for 
histological studies. Ethanol-xylol series was used for dehydration and infiltration. 
For complete infiltration of plant material to be sectioned were kept in a vacuum 
oven at 60°C for 15 min. Sections (longitudinal and transverse) of 10 µM thickness 
were cut using a Spencer 820 microtome (American Optical Corp. Buffalo, New 
York) and resulting paraffin ribbons were passed through a series of deparafnvzing 
solutions and stain in saffranin and fast green solutions. Permanent slides were 
made by using Canada Balsam. The sections were examined under a light 
microscope (Olympus CH20i, Japan). 
3.14. Chemicals and glasswares used 
Most of the chemicals likes (EDTA, PVP, Triton X-100, NBT, H202, methionine, 
TCA, NADH), vitamins (Thiamine HC1, Pyridoxine HCI, Nicotinic acid, Myo-
inositol and Glycine) and Plant growth regulators (BA, Kin, 2iP, TDZ; IAA, IBA, 
NAA) etc. were obtained from sigma Aldrich Pvt. Ltd., New Delhi, India and/or 
from Sigma-Aldrich (St. Louis Mo, USA). Other major and minor salts, buffer 
components were procured from qualigens, MERCK and/or SRL. All chemicals 
used were of analytical grade. 
Glasswares, such as, test tube (25 x 150 mm) petri-dishes (17 x 100 mm), wide 
mouth flasks (100 ml and 250 ml) used during the experiment was procured from 
Borosil, India 
3.15. Statistical Analysis 
All the experiments were repeated thrice. The effect of different treatments was 
quantified and data was analyzed statistically using SPSS ver. 11 (SPSS Inc., 
Chicago, USA). The significant of differences among means were carried out using 
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Duncan's multiple range test at P =0.05. The results are expressed as means ± SE 
of three experiments. 
3,16. Genomic DNA isolation and purification 
Genomic DNA was isolated from fresh leaf tissues of the selected micropropagated 
plants derived from mature nodal explants of donor plant using 
Cetyltrimethylammonimn Bromide (CTAB) method (Doyle and Doyle 1990) with 
slight modifications. 
3.16.1. Preparation of stock solutions required for DNA extraction 
100 ml 1M Tris- HCl (pH=8.0) 
For preparing 100 ml of IM Tris-HC1 solution, 15.76 g Tris-I-ICI (Sigma, USA) 
was dissolved in 80 ml of DDW. The pH of the solution was adjusted to 8.0 by 
drop wise addition of concentrated HCl (Qualigens, India). After pH adjustment, 
the final volume of the solution was made to 100 nil with DDW. 
100 nil 0.5 M EDTA (pH=8.0) 
For preparing 100 ml of 0.5M EDTA solution, 14.6 g EDTA (Sigma, USA) was 
dissolved first in 50 ml of DDW. The pH of the solution was adjusted to 8.0 by 
addition of NaOH pellets (Qualigens, India). After pH adjustment, the final volume 
of the solution was made to 100 ml with DDW. 
5M NaCI solution 
For preparing 100 ml of 5M NaCI solution, 29.22 g NaCI (Sigma, USA) was 
dissolved in 100 ml of DDW. 
2.5 % CTAB solution 
For preparing 100 ml of 2.5% CTAB solution, 2.5 g of CTAB (Sigma, USA) was 
dissolved in 100 nil of DDW. 
CTAB DNA Extraction Buffer 
CTAB (Sigma, USA) extraction buffer was prepared by mixing the stock solution 
reagents in desired amount in a sterilized conical flask as mentioned below: 
Amount taken from the stock solution (10 nil) 
1.0 nil IM Tris- HC1 (pH=8.0), 3.0 ml 5M NaCl, 500 Id 0.5M EDTA (pH-8.0), 
1.25 nil 2.5% CTAB, 4.23 ml mQ water 
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TE buffer (10 ml) 
This is composed of the following chemicals: 
IM Tris-HCI (500 pl) 
0.5M EDTA (200 µl) 
mQ Water (9.3 ml) 
3.16.2. Extraction and purification protocol 
For the extraction of genomic DNA, Ig of fresh leaf tissues were freezed using 
liquid nitrogen avoiding thawing of samples. Frozen samples were ground 
thoroughly into fine powder in a chilled mortar and pestle. After complete 
homogenization of plant materials, 3 ml CTAB extraction buffer was added 
(containing 1.0% (w/v) PVP and 0.2% (v/v) (3-mercaptoethanol) and the samples 
were homogenized again into a fine paste. The resultant mixture was then 
transferred to a non-reactive polypropylene centrifuge tubes (15 ml) and incubated 
in a fixed temperature water bath at 65 °C for lb with occasional inversions after 
every 20 min. After incubation, equal volume of Chloroform: Isoamylalcohol 
(24:1) was added to avoid any protein contamination, debris and interphase 
material. The solutions mixed thoroughly and centrifuged at 15000 rpm at 4°C  for 
10 min. 
The supernatant was collected and transferred to eppendorf tube containing h0µ1 
5M Sodium chloride solution and double volume of chilled Isopropanol 
(Qualigens, India). The resultant solution was mixed well by inversion for 3-5 
times and kept in -20°C for 30 min. White fluffy DNA strands appeared in the 
eppendroff tubes which were recovered by centrifugation at 10,000 rpm for 10 min 
at 4C. The. supernatant was discarded and the white pellet at the bottom of 
eppendroff was air-dried properly. The pellet was dissolved in 300 µl TE buffer 
and incubated at 4C for 30 min. 3 µl RNAse was added to the dissolved pellet and 
incubated for 30 min at 37 °C to degrade the RNA from the genomic DNA. Nextly, 
25 µl Sodium acetate and 600 µl ethanol was added in the dissolved pellet and 
again incubated for 30 min at -20'C. The dissolved pellet was centrifuged at 10,000 
rpm for 10 min at (c. The supernatant was discarded and pellet was air dried and 
fmally dissolved in 100 µl mQ water. 
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3.16.3. Quantitative and Qualitative assessment of genomic DNA 
3.163.1. Quantification 
Isolated genomic DNA was quantified using nanophotometer (Implen). The optical 
density (absorbance A) was measured at 260 nm (A260) and 280 nm (A280). The 
quantity of DNA present in solution was calculated from absorption at 260 nm 
(A260) and the purity of DNA was calculated from A260/ A280 ratio. For an ideal 
preparation the A2601 A280 ratio should be ? 1.8 (Sambrook et al. 2001). 
3.16.3.2. Quality analysis 
The quality of the extracted DNA was tested by running the DNA in I % agarose 
gel. 
3.16.3.2.1. Solutions for agarose gel electrophoresis 
3.16.3.2.1.1. Running Buffer (1X TBE) 
To prepare 500 ml of 5 X TBE stock solution, 27 g Tris base (Sigma, USA), 10 nil 
of 0.5 M EDTA (Sigma, USA) and 13.7 g Boric acid were dissolved in 250 ml of 
DDW. The pH of the solution was adjusted to 8.0 with the drop wise addition of 
concentrated HO and the final volume was made to 500 nil with DDW. During gel 
electrophoresis, 5X TBE buffer was diluted with DDW to obtain 1X TBE buffer 
(working concentration) before running the gel. 
3.16.3.2.1.2. Gel Loading Dye (6X) 
To prepare 25 nil of gel loading dye (6X), 30 mg Bromophenol blue dye (Sigma, 
USA) was mixed with 9.36 nil of 80 % Glycerol (Qualigens, India), 30 mg xylene 
cyanol (Merck) and 300 pl EDTA (0.5M). The final volume was made with 15.34 
ml sterile DDW and the solution was vortexed briefly and stored at room 
temperature. During Ioading of DNA gel loading buffer was diluted to IX with 
addition of 1X TBE. 
3.16.3.2.1.3. Gel Staining Dye 
10 mg pack of Ethidium bromide (0.5 µg) was dissolved in 1 ml sterile triple DW. 
The solution was mixed and vortexed thoroughly. The solution was stored at room 
temperature and used for staining the DNA gel at a working concentration of 0.5 
µg/ml (Sambrook et at 2001). 
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3.16.3.2.2. Agarose gel electrophoresis 
The extracted genotnic DNA was analysed for its quality and integrity by running 
in I % agarose gel in IX TBE buffer system. For gel casting, I g agarose was added 
in 100 ml 1X TBE buffer solution. The agarose solution was warmed and allowed 
to melt resulting in a clear solution. Meanwhile the gel casting tray was sealed with 
adhesive tape and properly placed in a horizontal gel casting table. When the 
agarose solution cooled down to about 60 0C, 4 µl ethiditun bromide was added, 
poured carefully into the gel tray, immediately placing the comb, avoiding any air 
bubble. The gel was allowed to solidify for 45 min. After solidification, the comb 
and seal tape was carefully removed and the gel was placed immersed in the gel 
trough with proper orientation with respect to cathode and anode and immersed 
with sufficient 1X TBE buffer. 
For electrophoresis of DNA sample, 5 µl DNA was mixed with 5 µl gel loading dye 
on a parafilm paper and loaded onto each well. The gel was allowed to run at a 
constant voltage of 60 V (5V/cm distance between electrodes) for 1.2 hr till the 
tracking dye reaches middle of the gel. Photographs of gel were taken using Gel 
Doc system (BioRad, Hercules, USA). 
3.17. PCR amplification of DNA using ISSR primers 
A set of thirteen ISSR (UBC, Vancouver, BC, Canada) primers were used for initial 
screening. 
3.17.1. PCR Amplification 
All the PCR amplification reactions were performed in Biometra PCR system. PCR 
reaction for ISSR assay was carried out using amplification reagents (Fermentas, 
Genetix Biotech, Asia Pvt. Ltd. New Delhi, India) listed below: 
A. l OX PCR Buffer 
B. 10 n,M dNTPs Mix 
C. 25 mM MgCl2 solution was supplied 
D. 5 U/µl Tag DNA polymerase 
E. 15 ng of ISSR primers (Genei, Banglore, India) 
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3.17.2. ISSR- PCR with genomic DNA 
PCR amplifications were carried out in a total volume of 30 µl containing 5 gI (20 
ng) genomic DNA. The reaction buffer consisted of 3 µl of lOX buffer, 0.75 µl 
MgCl2 (25 mM), 0.75 pt dNTPs (10 mM each of dATP, dGTP, dTTP and dCTP), 
1.5 lu primer and 0.15 µI Taq DNA polymerase and 18.85 µl water. DNA 
amplification program consisted of cycles starting with step one at 94C for 5 min 
followed by 30 sec at same 94C, 42°C for 30 sec, 72°C for I min followed by 35 
repeated cycles and final extension at 72°C for 5 min and finally at 4°C  till use. 
3.17.3. Analysis of PCR products by agarose gel electrophoresis 
The PCR amplified products of Albizia lebbeck were resolved by electrophoresis on 
1.5% agarose gel in TBE buffer stained with 0.5 µg/ml of ethidium bromide 
solution for 3 hours at 50V. DNA fingerprints were visualized under UV light and 
photographed using gel documenting system (BioRad, Hercules, USA). ISSR-PCR 
analysis using primer was repeated thrice to evaluate the banding pattern of the 
DNA samples. 
3.17.4. Data scoring and analysis 
Only distinct, reproducible and well-resolved fragments ranging from 100 bp to 
2000 bp were considered in the analysis. These bands were scored either as present 
(I) or absent (0) for each of the ISSR markers within the 10 plants. Electrophoretic 
DNA bands of low visual intensity that could not be readily distinguished as 
present or absent were considered ambiguous markers and were not scored. The 
size of the amplification products was estimated using a ladder DNA marker (New 
England Biolabs, 50 ng/µl, lkb). 
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4. RESULTS 
4.1. Direct shoot regeneration 
4.1.1. Establishment of aseptic seedling 
Seed germination was attempted to obtain young axenic plant material for 
consequent establishment of in vitro propagation protocols. Seed germination 
initiated after 7 days of inoculation on all the media (MS. 1/1 MS. 1.3 MS and',, MS) 
tested, resulting in the production of one plant per seed after 15 days. highest seed 
germination was found in full strength MS medium with 80 % frequency (Fig. 1, 
2E) followed by '/2 MS medium which exhibited only 55 % germination frequency. 
While ' MS and '/s MS media were less effective with 25 % and 10 % seed 
germination rate respectively. The growing seedlings were then employed as a 
source of cotyledonary node, node, cotyledon. hvpocotyls and root explants which 
were subsequently used for in vitro propagation protocols (Fig. 2F). 
Strength of MS medium 
Fig. 1: Effect of different strengths of !MS medium on seed germination after 15 days 
of incubation. Bars represent means ± SE. Bars denoted by the same letter 
within response variables are not significantly different (P =0.05) using 
1) M R'T. 
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Fig. 2: (B, C, D) Mature fruits and seeds of A. lebbeck. 
(E) Aseptic seedling on MS basal medium after 15 days of culture. 
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Fig 2F: Aseptic seedling and different explants 
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4.1.2, Regeneration from cotyledonary node explants excised from 15 days old 
aseptic seedlings 
4.1.2.1. Effect of cytokinins 
The cotyledonary node explants failed to regenerate shoots on PGR free MS basal 
medium even after 4 weeks of incubation. While MS medium supplied with 
different cytokinins (BA, Kn and 2-iP) at various concentrations (0.5, 2.5, 5.0, 7.5, 
10.0 and 12.5 pM) was found effective for shoot induction and proliferation (Table 
3). The concentration and type of cytokinins used significantly affected the 
percentage of shoot regeneration, shoot number and shoot length after 4 weeks of 
culture. The shoots appeared as small green protuberances on the cotyledonary 
node explants after 15 days of inoculation, subsequently elongated into shoots after 
4 weeks of culture. The highest frequency of explants forming shoots was 68 % 
with maximum number of shoots (10.00 ± 0.57) per explant and mean shoot length 
of 3.00 ± 0.15 cm on MS medium containing 7.5 RM BA (Fig. 3A). While at the 
similar level, Kn and 2-iP showed regeneration frequency of 60 % and 45 % with 
7.23 t 0.12 and 3.66 ± 0.31 shoots per explant and mean shoot length of 2.70 ± 
0.05 cm and 1.83 f 0.06 cm respectively after 4 weeks of culture (Table 3; Fig. 3B, 
C). Therefore, BA was found more effective in inducing maximum number of 
shoots and mean shoot length than Kn and 2-iP. Increased levels of PGRs beyond 
the optimum concentration (7.5 µM) did not improve shoot regeneration frequency 
and a decline in all tested parameters was found (Table 3). 
4.1.2.2. Synergistic effect of cytoldnins and auxins 
Combined effect of various auxins (NAA, IBA and JAA) in different 
concentrations (0.1, 0.5, 1.0, 1.5 and 2.0 µM) with optimized concentration (7.5 
,sM) of each tested cytokinin was evaluated for the proliferation and multiplication 
of shoots from cotyledonary node explants and the morphogenetic responses are 
summarized in Table 4, 5, 6. BA was found to be the most efficient cytokinin along 
with all the tested auxins concentrations, which exhibited a synergistic effect by 
inducing multiple shoot formation. In all the combinations tested, maximum shoot 
formation frequency (70 %), number of shoots (18.30 t 0.33) per explant and 
longest shoot length (5.00 ± 0.11 cm) was observed on MS medium containing BA 
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(7.5 pM) + NAA (0.5 .M) after 8 weeks of culture (Fig. 3E). While other 
combinations of BA (7.5 µM) + IBA (0.5 iM) and BA (7.5 gM) + IAA (0.5 gM) 
produced only 11.00 + 0.50 and 8.00 ± 0.57 shoots per explant in 58% and 46 % 
cultures respectively after 8 weeks of culture. Thus, among the various auxins 
tested, MS medium amended with 7.5 gM BA and NAA at 0.5 pM concentration 
was found to be the most effective auxin followed by IBA and IAA, which were 
comparatively less effective (Table 4). However, a decrease in number of shoots 
per explant was observed at lower (0.1 .tM) or higher (1.0, 1.5 and 2.0 µM) 
concentrations than 0.5 µM concentration of NAA or [BA or IAA. Shoot induction 
and multiplication was induced within 3 weeks of culture and their number 
increased when subcultured in the same fresh medium (data not shown). 
Among the different concentrations of NAA tested along with 7.5 µM Kn, 0.5 µM 
NAA proved to be the optimum, producing maximum regeneration response (60 
%), number of shoots per explant (13.00 + 0.57) and shoot length (3.00 t 0.28 cm) 
after 8 weeks of culture. While 0.5 pM IBA with Kn produced regeneration 
frequency of 52 % with 8.66 + 0.56 shoots per explant and an average shoot length 
of 2.60 ± 0.10 cm after 8 weeks of culture. IAA at 0.5 sM showed even poorer 
regeneration credentials in terms of reduced regeneration frequency (43 %), 
number of shoots per explant (4.66 ± 0.44) and shoot length (1.93 ± 0.03 cm) 
(Table 5). 
Combination of 2-iP (7.5 µM) with different auxins (NAA, IBA or IAA) also 
showed synergism. Among various combinations tested, 2-iP in combination with 
0.5 µM NAA induced shoot regeneration in 47 % of cultures with maximum 
number of shoots (7.00±0.18) per explant and shoot length (2.36 ± 0.08 cm) after 
8 weeks of culture. While 2-iP with IBA or IAA singly produced regeneration 
frequency of 35 % and 26 % with 4.50 ± 0.28 and 3.00 + 0.28 shoots per explant 
and 1.93 f 0.13 cm and 1.46 ± 0.31 cm average shoot length respectively, after 8 
weeks of culture (Table 6). However, the synergistic effect of auxins with 2-iP was 
found to be the less effective than that of BA and Kn (Table 4, 5, 6). 
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Table 3. Effect of various cytokinins on multiple shoot regeneration from 
cotyledonary node explants in MS medium after 4 weeks of culture. 
Cytokinins (pM) % Response Mean no. of Mean shoot 
BA Ku 2-iP shoots/explant length (cm) 
0.5 50 2.00±0.57w  1.86 f 0.06 
2.5 55 4.00+0.57' 2.10t0.05'e 
5.0 61 7.33 t 0.03c 2.70 f 0.11" 
7.5 68 10.00± 0.573 3.00 t 0.158 
10.0 63 8.66 f 0.336 2.76 + 0.17' 
12.5 57 6.67 	0.23cd  2.46+0.08` 
0.5 42 1.33 t 0.2l'i 1.06 t 0.06' 
2.5 49 3.66+O.13 1.80 ± 0.11' 
5.0 54 5.66± 011d 2.26±0.13`' 
7.5 60 7.23 + 0.12 2.70 f 0.05°  
10.0 50 5.32 t 0.17e 2.43 f 0.040 
12.5 38 3.33+0.32f9  2.00}0.11`' 
0.5 20 0.66±0.22' 0.73±0.03' 
2.5 25 1.00 ± 0.13° 1.20 t 0.05°  
5.0 40 2.66 + 0.339h  1.36± 0.039 
7.5 45 3.66 f 0.31'9 1.83 t 0.06' 
10.0 32 1.67± 0.22h j 1.43 f 0.239 
12.5 25 1.34+ 0.29" 0.86 f 0.13x" 
Values represent means f SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
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Table 4: Effect of different auxins amended with an optimal concentration of 
BA (7.5 µM) in MS medium on shoot multiplication from 
cotyledonary node explants after 8 weeks of culture. 
Auxins (µM) 
NAA IBA 	IAA 
% Response Mean no. of 
shoots/explant 
Mean shoot 
length (cm) 
0.1 65 15.60 + 0.6611 4.81±0.01 
0.5 70 18.30±0.33' 5.00A-0.1la 
1.0 61 16.00 ± 1.156 4.8510.02" 
1.5 56 11.60±2.02' 4,16±0.88c 
2.0 48 8.33f0.88d  3.43±0.120 
0.1 50 8.00 t 0.80,  3.86 f 0.03d  
0.5 58 11.00 ± 0.500 4.2310.14` 
1.0 48 8.66 	0.31" 3.50±0.02°  
1.5 42 7.00±0.15de 3.11±0.07' 
2.0 38 4.66±0.34 1`  2.03 
0.1 37 6.23 10.14'` 3.13 + 0.08' 
0.5 46 8.00 ± 0.57' 3.56±0.03` 
1.0 40 4.66 t 0.8801  2.85 + 0.02g 
1.5 35 2.50+0.28 g`  2.26±0.06°  
2.0 30 1.16±0.16g 1.88 ± 0.04' 
Values represent means ± SE. Means sharing the same Letter within columns are not 
significantly different (P =0.05) using DMRT. 
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Table 5: Effect of different auxins amended with an optimal concentration of. 
Ku (7.5 µM) in MS medium on shoot multiplication from 
cotyledonary node explants after 8 weeks of culture. 
Auxins (µM) 
NAA IBA 	IAA 
% Response Mean no. of 
shoots/explant 
Mean shoot 
length (cm) 
0.1 55 10.60±0.44 2.70±0.10 
0.5 60 13.00 f 0.57a 3.00 + 0.28° 
1.0 52 9.00 f 0.28c 2.83 f 
1.5 49 7.00f0.l1de 2.40f0.05ed 
2.0 41 4.66±0.33fs 1.93t0.12rg 
0.1 44 7.66 + 0.44cd  2.26k 0.060  
0.5 52 8.66±0.56c 2.60 t 0.10"` 
1.0 40 6.00 t 0.28 r` 2.00 ± 0.l)5ef  
1.5 37 4.00+1.15' 1.53±0.08` 
2.0 31 2.30±0.33' 1.33±0.06' 
0.1 39 1.66+0.66' 1.68±0.03x' 
0.5 43 4.66 ± 0.44±2 1.93 f 0.03rg 
1.0 28 2.00±0.28' 1.28+0.04' 
1,5 00 0.00 ± 0.00' 0.00±0.00 
2.0 00 0.00 + 0.00' 0.00+0.0& 
Values represent means f SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
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Table 6: Effect of different auxins amended with an optimal concentration of 
2-iP (7.5 µM) 	in MS medium on shoot multiplication from 
cotyledonary node explants after 8 weeks of culture. 
Auxins (p1VI) % Response Mean no. of Mean shoot 
NAA IBA 	IAA shoots/explant length (cm) 
0.1 40 6.00+0.28 1.96+0.03 
0.5 47 7.00±0.18 2.36±0.08a 
1.0 36 4.83 	0.16` 1.80 ± 0.050 
1.5 30 3.00t0.1Id  1.46±0.030 
2.0 26 2.00± 0.15" 1.13i 0.069 
0.1 30 3.32 f 0.33de 1.66+ 0.03d  
0.5 35 4.50 f 0.280  1.93 + 0.13b 
1.0 28 2.66t0.23d` r 1.66±0.03' 
1.5 21 2.001 0.57£9 1.0310.029h  
2.0 16 1.33±0.31'  0.56+ 0.23' 
0.1 18 2.16±0.08`'9 1.26±0.12' 
0.5 26 3.00 1.46 ± 0.31c 
1.0 12 0.66 f 0.23k 1.00 t 0.05" 
1.5 00 0.00±0.00' 0.00+0.00 
2.0 00 0.00 f 0.001  0.00 ± 0.00 
Values represent means ± SE. Means sharing the same letter within columns are no 
significantly different (P =0.05) using DMRT. 
4.1.2.3. Effect of TDZ 
TDZ successfully evoked morphogenic response in cotyledonary node explants. 
The explants grown on a media supplemented with different concentrations of TDZ 
started differentiation of axillary buds within 15 days of incubation. Among the 
different concentrations of TDZ tested, 1.0 µM was found potent enough to affect a 
high frequency (62 %) of response for maximum induction of shoots (7.20 ± 0.14) 
per explant and shoot length (2.54 ± 0.03 cm) after 4 weeks of culture (Table 7; 
Fig. 3D). While concentrations above 1.0 pM TDZ showed reduction in the number 
of shoots and gave rise to vitrified and diminutive shoots during the same 4 weeks 
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period. The shoots when subcultured onto the same regeneration medium or on MS 
medium devoid of TDZ did not elongate and resulted in the fasciation and 
distortion of shoots even after 8 weeks of culture (data not shown). 
To overcome the carryover effect of TDZ, the explants were transferred onto the 
MS medium fortified with different concentrations (0.1, 0.5, 1.0, 1.5 and 2.0 µM) 
of NAA and 7.5 µM HA. The best results were found on MS + 7.5 µM BA + 0.5 
pM NAA with maximum regeneration frequency of 66 % after 8 weeks of culture 
(Table 8). 
Table 7: Effect of different concentrations of TDZ on multiple shoot induction 
from cotyledonary node explants after 4 weeks of culture. 
TDZ (jM) % Response Mean no. of Mean shoot 
shoots/explant length (cm) 
0.5 58 4,40 ± 0.05` 2.20± 0.05 ` 
1.0 62 7.20 f 0.14 2.5410.038 
2.5 60 5.56 + 0.346 2.28 t 0.06b 
5.0 53 4.55±0.21` 2.07±0.07"t 
7.5 50 3.8310.20` 1.88±0.06' 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
Table 8: Effect of different concentrations of NAA supplied with 7.5 pM BA, 
on shoot multiplication from TDZ-exposed cotyledonary node 
explants after 8 weeks of culture. 
NAA (pM) % Response Mean no. of Mean shoot 
shoots/explant length (cm) 
0.1 55 11.30 + 0.24 4.11 + 0.06 
0.5 66 14.10±0.15' 4.32±0.04' 
1.0 58 12.10 f 0.20" 4.18 f 0.0586 
1.5 50 8.17±0.62` 3.23+0.10` 
2.0 43 6.1010.104 2.9410.04' 
Values represent means t SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
73 
Fig. 3: Proliferation of multiple shoots in cotyledonary node (CN) 
explant on (A) MS + 7.5 µM BA (B) MS + 7.5 µVI Kn (C) MS + 7.5 µM 
2-iP (D) MS + 1.0 µ1I TDZ after 4 weeks of culture. 
(E) Culture showing multiplication and proliferation of shoots from 
CN explants on MS + 7.5 µVI BA + 0.5 µM NAA after 8 weeks of 
culture. 
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4.1.3. Regeneration from nodal explants excised from 15 days old aseptic 
seedlings 
4.1.3.1. Effect of cytokinins 
Axillary shoots proliferation from the nodal explants varied considerably in MS 
medium supplied with various concentrations (0.5, 2.5, 5.0, 7.5, 10.0 and 12.5 µM) 
of different cytokinins (BA, Kn and 2-iP), the results are summarized in Table 9. 
The MS medium lacking PGRs was found futile for axillary shoots proliferation 
causing browning of the explants. In contrast, the nodal segments cultured on MS 
medium augmented with different cytokinins showed swelling of the dormant 
axillary buds within 8 days of inoculation followed by differentiation into multiple 
shoots in 4 weeks. A significant increase in axillary shoot proliferation from nodal 
segments was observed with an increase in the concentration of cytokinins upto a 
certain optimum level (7.5 µM) beyond which a decrease in shoot induction was 
found. 
The shoot bud differentiation from nodal explants was confirmed by histological 
study. Most shoot buds showed no visible connection with the original vascular 
tissue, although they appeared to have originated from the meristemetic zone 
beneath the epidermis. It is possible that the initial shoots developed from pre-
existing meristems, as seen in histological slides (Fig. 29A, B). 
Among the different concentrations of cytokinins augmented in MS medium, 7.5 
µM BA was found most effective, inducing highest shoot regeneration frequency 
(74 %), number of shoots (16.50 + 1.15) and shoot length (3.60 t 0.12 cm) after 4 
weeks of culture (Fig. 4A). While at the same level (7.5 µM), Kn and 2-iP in MS 
medium produced 11.00 ± 1.15 and 6.00 ± 0.28 shoots with average shoot length of 
3.00 ± 0.17 cm and 2.10 + 0.11 cm in 63 % and 48 % cultures respectively (Fig. 
4B, C). Thus, among all the cytokinins tested, BA was found more efficient than 
Kn and 2-iP (Table 9). 
4.1.3.2. Synergistic effect of cytokinins and auxins 
Using 7.5 µM as an optimum concentration of each cytokinin (BA, Kn and 2-iP), 
three different auxins viz., NAA, IAA and IBA at various levels (0.1, 0.5, 1.0, 1.5 
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and 2.0 µM) were complemented to the MS medium to assess the combined effect 
of auxin and cytokinin on shoot induction and proliferation from nodal explants. 
Among the various auxins and BA combinations tested, 0.5 gM NAA with 7.5 µM 
BA was found most effective combination for multiplication and proliferation 
inducing maximum number of shoots per explant (26.50 + 1.15) and shoot length 
(5.90 t 0.05 cm) in 78 % cultures (Fig. 4E). At the same concentration, BA and 
IBA combination induced 15.00 ± 0.57 shoots per explant in 60 % cultures while 
10.30 ± 0.33 shoots per explant were obtained with BA + IAA combination in 49 % 
cultures (Table 10). 
Data analysis of Kn and/or 2-iP-auxins (NAA, IBA and IAA) interaction revealed 
poor response as compared to BA-auxin combinations. Among the various 
combinations of ICn (7.5 µM) and auxins tried, Kn with 0.5 pM NAA produced 
16.00 + 0.47 shoots in 68 % cultures (Table 11). While at the same level 2-iP +
NAA combination produced 8.00 + 0.28 shoots in 50 % cultures after 8 weeks 
(Table 12). 
In case of Kn/2-iP and IBA combinations, the maximum regeneration frequency 
(59 % and 40 %), highest number of shoots (11.00 ± 0.57 and 6.00±0.16) with 
longest shoot length of 3.50 ± 0.08 cm and 2.20 ± 0.11 cm respectively, was 
observed on MS medium containing Kn/2-iP (7.5 µM) + IBA (0.5 PM) after 8 
weeks of culture. However, Kn/2-iP + IAA combinations showed reduced 
regeneration frequency in comparison with NAA and IBA. Kn/2-iP (7.5 µM) in 
combination with IAA (0.5 µM) was least effective as it exhibited 6.00 ± 0.20 and 
4.36±0.06 shoots per explants with an average shoot length of 2.33 t 0.30 cm and 
1.93 f 0.08 cm respectively (Table 11, 12). 
All the auxins supplied beyond optimal level (0.5 µM) with BA, Kn or 2-iP showed 
deteriorating effect in shoot multiplication and proliferation rate. The combinations 
of 2-iP/Kn with 1.5 pM and 2.0 pM IAA proved most unproductive, not being able 
to induce morphogenesis (Table 12). 
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Table 9: Effect of different cytokinins on multiple shoot induction from nodal 
explants in MS medium after 4 weeks of culture. 
Cytokinins (jM) % Response Mean no. of Mean shoot 
BA 	Kn 	2-iP shoots/explant length (cm) 
0.5 52 4.00± 1.158 2.00 f 0.11 g 
2.5 61 7.2310.14'` 220±015`' 
5.0 70 10.50+ 0.286c 3.20+ 0.21bc 
7.5 74 16.50± 1.152  3.60± 0.12a 
10.0 69 12.50 f 0.236 3.00 f 0.186 
12.5 60 9.00± 1.15`' 1.80 f 0.05x" 
0.5 47 6.23±0.14ef  1.40±0.16° 
2.5 50 7.60 t 0.16''e 2.00+ 0.201g 
5.0 59 9.00± 1.15`' 2.50±0.05 
7.5 63 11.00 t 1.15 3.00 ± 0.17b`  
10.0 55 8.0010.28'` 2.70±0.13`' 
12.5 40 5.001 O.25 1.90 t 0.05rg" 
0.5 26 1.00 ± 0.11' 0.90 f 0.05k  
2.5 30 1.66 ± 0.16' 1.20 ± 0.11jk  
5.0 42 4.00t1.15g' 1.60±0.17' 
7.5 48 6.00 	0.28 2.10±0.1i's 
10.0 35 3.00±0.57" 1.80±0.09e" 
12.5 30 1.50±0.17' 1.10± 0.07k  
Values represent means f SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMtT.  
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Table 10: Effect of different auxins amended with an optimal concentration of 
BA (7.5 µM) in MS medium on shoot induction and multiplication 
from node explants after 8 weeks of culture. 
Auxins (pM) 	% Response 	Mean no. of 	Mean shoot 
	
NASA IBA IAA 	 shoots/explant 	length (cm) 
0.1 	 72 	15.00 f 0.57` 	5.50 f 0.50 
0.5 
	 la'1 	 a % "_r .- ti .'ham, 	78 	26.50± 1.15 	5.90±0.05a  
1.0' ;J`.^u .................. 	70 	18.00±1.15b 	5.10aO.11` 
1.5 	 63 	13.00 t 1.45`' 	5.00 f 0.05` 
2.0 	 59 	9.33+0.33 [` 	4.46t0.08d  
0.1 	 53 	l0.00±0.28 	4.00+0.15w 
0.5 	 60 	15.00 t 0.57' 	4.42 t 
1.0 	 50 	1110±0 lo 	3.70 f 0.05E 
1.5 	 45 	8.00 f 0.28eg 	3.36 f 0.181  
2.0 	 41 	6.00 + 0.579 ' 	2.83 f 0.07' 
0.1 	40 	8.16±1.01 9` 	3.36[0.181  
0.5 	49 	10.30 ± 0.33" 	3.80± 0.13`' 
1.0 	43 	6.60 t 0.339 	3.10 f 
1.5 	37 	5.00+ 1.13h 	2.63±0.03 
2.0 	31 	 2.33+0.33' 	2.33±0.09 
Values represent means t SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
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Table 11: Effect of different auxins amended with an optimal concentration of 
Kn (7.5 tM) in MS medium on shoot induction and multiplication 
from nodal explants after 8 weeks of culture. 
Auxins (1iM) 	% Response Mean no. of Mean shoot 
NAA IBA IAA shoots/explant length (cm) 
0.1 61 13.00±1.15 3.32f0.16 
0.5 68 16.001 0.474 4.00 ± 0.05a 
1.0 60 12.501 0.28" 3.40 a 0.1 l b 
1.5 55 11.00 t 0.51` 2.90 f 0.05 d`  
2.0 50 8.66 t 0.33dc 2.30 t 0.11' 
0.1 	 54 9.50 ± 0.20°  3.10 
0.5 	 59 11.00 t 0.57` 3.50 t 0.086 
1.0 	 52 8.00±0.33e 3.20f0.11"` 
1.5 	 49 5.50 f 0.28fs 2.80 t 0.10cdc 
2.0 	 46 4.20 ± 0.50" 2.50 t 0.15°ef  
0.1 	45 3.00 ± 0.11°  2.46 f 0.24`" 
0.5. 	51 6.00±020f  2.33 t 0.30` 
1.0 	32 4.50±0.14' 1.90 f 0.058 
1.5 	00 0.00 f 0.00' 0.00 t 0.001' 
2.0 	00 0.00 f 0.00' 0.00 f 0.00h 
Values represent means f SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
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Table 12: Effect of different auxins amended with an optimal concentration of 
2-iP (7.5 pM) in MS medium on shoot induction and multiplication 
from nodal explants after 8 weeks of culture. 
Auxins (p.M) 	% Response Mean no. of Mean shoot 
NAA IBA 	IAA shoots/explant length (cm) 
0.1 46 6•660•16b 2.23 t 0.08 
0.5 50 8.00f0.28° 2.70±0.1P 
1.0 42 5.66 + 0.16` 2.00 ± 0.17bcd  
1.5 35 3.93 f 0.13` 1.86 ± 
2.0 30 2.86 t 0.06 1.43 ± 0.03fc  
0.1 34 4.00 w 0.l lde 2.03 f 012";d 
0.5 40 6.00+0.16` 2.20f0.IIs0 
1.0 32 2.93 ± 0.13E 1.90 ± 010b`4` 
1.5 27 1.53 ± 0.03g 1.30± 0.051 
2.0 21 0.6610.16h  0.90 t 0.05h  
0.1 26 2.80 ± 0.05' 1.66 ± 0.06`' 
0.5 30 4.36± 0.06' 1.93t0.08 d`` 
1.0 20 1.40±0.119  1.20±0.159 
1.5 00 0.00±0.00' 0.00±0.00 
2.0 00 0.00 ± 0.00' 0.00 ± 0.00' 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
4.1.3.3. Effect of TDZ 
Among different concentrations (0.5, 1.0, 2.5, 5.0 and 7.5 PM) of TDZ tested, 1.0 
µM was found to be the most potent, inducing highest shoot regeneration response 
(65%) with maximum number of shoots (12.70 + 037) per nodal explant and 
longest shoot length (3.01 f 0.04 cm) after 4 weeks of culture (Fig. 4D). TDZ 
concentrations beyond an optimal level (1.0 lrM) caused reduction in the shoot 
induction frequency (Table 13). 
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Moreover, the shoots induced in TDZ (1.0 µM) containing media did not elongate 
and multiply further on the same fresh medium or MS medium lacking TDZ, 
showed leaf abscission and curling of leaves after 8 weeks (Data not shown). 
Therefore, to check defoliation and for further shoot multiplication and elongation, 
the proliferated node cultures were transferred onto the MS + BA (7.5 µM) medium 
fortified with different concentrations of NAA (Table 14). A maximum shoot 
proliferation (18.90 ± 0.05 shoots per explant) and elongation (4.96 ± 0.14 cm) was 
observed on MS + BA (7.5 µM) + NAA (0.5 µM) with 68 % regeneration 
frequency after 8 weeks of culture. While NAA concentrations beyond 0.5 µM was 
found less effective (Table 14). 
Table 13: Effect of different concentrations of TDZ on multiple shoot 
induction from nodal explants after 4 weeks of culture. 
TDZ (AM) 	% Response Mean no. of Mean shoot 
shoots/explant length (cm) 
0.5 	58 10.8010.20 2.7210.02` 
1.0 65 12.70 ± 0.37a 3.01 t 0.04' 
2.5 	60 11.20 ± 0.30b 2.85 t 
5.0 52 8.18 t 0.080 2.59 f 0.03c 
7.5 	50 8.00+0.520  2.2310.15" 
Values represent means + SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
Table 14; Effect of different concentrations of NAA supplied with 7.5 pM BA, 
on shoot multiplication from TDZ-exposed node explants after 8 
weeks of culture. 
NAA (pM) % Response Mean no. of Mean shoot 
shoots/explant length (cm) 
0.1 61 16.20 t 0.50 4.46 f 0.03 
0.5 68 18.90f0.05a 4.96f0.14a 
1.0 64 13.90 f 0.37` 4.13 t 0.080  
1.5 57 11.40 f 0.18d  
2.0 50 8.96f0.12e 2.90+0.090  
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT.  
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Fig. 4: proliferation of multiple shoots from seedling derived nodal (N) 
explants on (A) MS + 7.5 pM BA (B) MS + 7.5 pM Kn (C) MS + 7.5 µM 
2-iP (D) MS + 1.0 µM TDZ after 4 weeks of culture. 
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Fig. 4: (E) Cultures showing regeneration and multiplication of shoots from 
N explant on 11S + 7.5 µMI BA + 0.5 µM1 NAA after 8 weeks of culture. 
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4.1.4. Regeneration from root explants excised from 15 days old aseptic 
seedlings 
4.1.4.1. Effect of cytokinins 
The root explants (1.0-1.5 cm) cultured on the MS medium devoid of PLR's 
remained fresh for about three weeks but thereafter turned brown, hence proved to 
be non-responsive. In contrast, all the tested PGRs in MS medium revealed direct 
induction of shoot buds with the variation of concentrations tested (summarized in 
Table 15). Different concentrations (0.5, 2.5, 5.0, 7.5, 10.0 and 12.5 µM) of BA, 
Kn and 2-iP facilitated adventitious shoot bud regeneration in root explants within 
4 weeks of culture. Enlarged and developed protuberances (or nodular globular 
structures) were initially observed around the cut ends of the root explants within 2 
weeks of culture which further differentiated into dark green shoot buds in next 2 
weeks without any intervening callus phase. MS medium containing BA (7.5 µM) 
induced greatest percentage (74 %) of direct shoot organogenesis with maximum 
number of adventitious buds (10.00 + 2.62) after 4 weeks of culture (Fig. 5A). At 
the same concentration, Kn and 2-iP produced 6.60 ± 0.90 and 4.60 + 0.67 shoot 
buds per explant in 57 Yo and 49 % cultures respectively after 4 weeks of culture 
(Fig. 58, C). On increasing the level of BA, Kn and 2-iP from 7.5 to 10.0 µM, the 
percent regeneration as well as the number of shoots were drastically reduced 
(Table 15). 
4.1.4.2. Synergistic effect of cytokinins and auxins 
Shoot multiplication and elongation ability from root explants was further 
enhanced, when optimal concentration (7.5 4M) of each cytokinin (BA, Kn and2-
iP) was combined with different concentrations (0.1, 0.5, 1.0, 1.5 and 2.0 .M) of 
each auxin (NAA, IBA or IAA) tested. The highest frequency of shoot regeneration 
(82 %) with 16.00 ± 1.87 shoots per explant and an average shoot length of 5.16 ± 
0.38 cm was recorded on MS medium augmented with BA (7.5 µM) and NAA (0.5 
µM) after 8 weeks of culture (Table 16; Fig. 5E). While at the same concentration, 
BA and IBA combination induced 11.00 ± 0.57 shoots per explants in 69 % 
cultures and 6.33 t 0.33 shoots per explant was recorded on BA + IAA 
combination in 52 % cultures (Table 16). 
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Among Kn/2-iP-auxins combinations, Kn (7.5 RM) with NAA (0.5 }xM) induced 
highest shoot multiplication frequency (71%), 9.40 ± 0.06 shoots per explant and 
shoot length (3.00 ± 0.05 cm) after 8 weeks of culture (Table 17). Whereas 2-iP 
(7.5 µM) with NAA (0.5 µM) induced 6.00 f 0.11 shoots per explant in 61 % 
cultures (Table 18). Also similar combinations of Kn-IBA and Kn-IAA induced 
shoot regeneration in only 56 % and 43 % cultures respectively followed by 2-iP-
IBA and 2-iP-IAA combinations showed shoot regeneration in 48 % and 20 % 
cultures after 8 weeks of incubation (Table 17, 18). However, a steady decline in 
shoot regeneration frequency and number of shoots per explant was observed with 
an increase in the concentrations (1.0 µM- 2.0 µM) of each auxin beyond optimal 
level (0.5 µM). 
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Table 15: Effect of different cytokinins on multiple shoot induction from root 
explants in MS medium after 4 weeks of culture. 
Cytokinins (µM) 
BA 	Kn 	2-iP 
% Response Mean no. of shoot 
buds/explant 
0.5 58 3.20±0.66` 
2.5 63 5.20 ± 0.86' 
5.0 66 7.20±1.01b 
7.5 74 x0.0±2.62' 
10.0 70 7.40± 1.566 
12.5 65 6.50 f 0.52` 
0.5 38 1.80 t 
2.5 48 2.80 f 0.73d` t 
5.0 50 4.80 f 
7.5 57 6.60 f 0.90` 
10.0 55 4.60 f 0.58 d``  
12.5 52 3.00 f 0.434 
0.5 32 0.90±0.45' 
2.5 35 2.20 f 0.73der  
5.0 44 3.20 f 0,86aef  
7.5 49 4.60 f 0.67 d``  
10.0 44 2.80 f 0.58dee 
12.5 38 2.00 f 0.30e 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
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Table 16: Effect of different auxins amended with an optimal concentration of 
BA (7.5 µM) in MS medium on shoot induction and multiplication 
after 8 weeks of culture. 	 - 
Auxins (IM) % Response Mean no. of Mean shoot 
NAA IBA IAA shoots/explant length (cm) 
0.1 79 13.00 t 0.57 4.20 ± 0.46 
0.5 82 16.00£ 1.87 5.1610.38' 
1.0 75 12.20±2.50"° 4.10 ± 0.48" 
1.5 67 11.20 ± 2.43` 3.7010.43 a`  
2.0 63 10.40f 2.42d` 3.20±0.15' 
0.1 54 9.33 ± 0.66e 3.86 + 0.06` 
0.5 69 11.00 f 0.57`' 4,23 f 0.03" 
1.0 64 7.00± 1.15 3.60 t 0.05x`  
1.5 56 4.00 t 0.57"'j 3.1310.03rs 
2.0 50 3.00 ± 0.50 2.83 f 0.03" 
0.1 40 5.00 f 0.57gs`  3.00 t 0.05gh 
0.5 52 6.33+0.33r" 3.50±0.11` 
1.0 45 5.50± O.28fg" 2.70 
1.5 38 3.50±0.20°  2.43±0.03' 
2.0 35 2.86±0.06' 2.0010.05k 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P -0.05) using DMRT.  
84 
Chapter 4 I Results 
Table 17: Effect of different auxins amended with an optimal concentration of 
Kn (7.5 pM) in MS medium on shoot induction and multiplication 
from root explants after 8 weeks of culture. 
Auxins (jM) % Response Mean no. of Mean shoot 
NAA IBA IAA shoots/explant length (cm) 
0.1 59 7.60 ±0.05 ` 2.00 	0.11 
0.5 71 9.40±0.06°  3.00t0.05a  
1.0 68 7.20±0.11b`  240 	007°c 
1.5 56 4.40t0.05 r` 2.20±0.11`' 
2.0 50 3.20f0.118 1.95f0.13de 
0.1 48 6.80± 0.17c 2.30 ± 0.09hc 
0.5 56 8.00± 1.15b 2.90 t 0.123 
1.0 42 5.00f0.1P 2.35±0.03b 
1.5 37 3.80± 0.08eg 2.00± 0.05d`  
2.0 30 2.200.12" 1.50 ±0.06' 
0.1 36 4.50±0.11 r` 1.90t0.101 
0.5 43 5.80±0.11°  2.33±0.03"` 
1.0 23 3.20±0.111  1.50t0.151  
1.5 00 0.00±0.001  0.00±0.009 
2.0 00 0.00 t 0.001  0.00 t 0.001  
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P -0.05) using DMRT. 
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Table 18: Effect of different auxins amended with an optimal concentration of 
2-iP (7.5 RM) in MS medium on shoot induction and multiplication 
from root explants after 8 weeks of culture. 
Auxins (AM) ¼ Response Mean no. of Mean shoot 
NAA IBA IAA shoots/explant length (cm) 
0.1 53 2.20 to. 11s 1.48Jr0.05 e 
0.5 61 6.00±0.1 la 2.80±0.l2a 
1.0 48 4.00 Jr  0.15` 1.40 f 0.04ae 
1.5 50 2.404 0.05' 2.40f0.026 
2.0 49 1.40±0.08' 1.50±0.12' 
0.1 43 3.40 + 0.16 1.20 f Ø140f 
0.5 48 4.80&0.096 2.00±0.11` 
1.0 39 2.80 f 0.03e 1.00 f 0.10,8 
1.5 25 2.10 t 0.071  0.80 t 0.061  
2.0 18 1.60 f 0.13' 0.05 ± 0.13h 
0.1 12 2.00 f 0.099 1.00 ± 0.05,g 
0.5 20 3.00±0.120  1.30±0.10'` 
1.0 05 1.60 ± 0.03°  0.40 t O.1 lh  
1.5 00 0.00 f 0.00 0.00 t 0.00' 
2.0 00 0.00 f 0.00` 0.00 Jr 0.00' 
Values represent means t SE. Means sharing the same letter within columns are not 
significantly different (P -0.05) using DMRT. 
4.1.43. Effect of TDZ 
Root explants cultured on different concentrations (0.5, 1.0, 2.5, 5.0 and 7.5 µM) of 
TDZ fortified in MS medium showed adventitious shoots induction without an 
intervening callus phase after 4 weeks of culture. The highest shoot regeneration 
frequency (62 Ye) with maximum number of shoots (6.63 ± 0.21) per explant was 
found at 1.0 µM TDZ (Table 19; Fig. 5D). Subculturing of the root explants on the 
same fresh medium was found detrimental, causing browning and hyperhydricity of 
the explants. 
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Therefore, for enhanced multiplication and elongation of shoots, root explants were 
transferred onto the MS medium augmented with various BA (7.5 µM)-NAA 
combinations. Among all BA-NAA combinations tested, BA (7.5 gM) with NAA 
(0.5 µM) was found most efficient secondary medium for proliferation and 
multiplication of shoots, where highest 11.50 ± 0.28 shoots per explant with shoot 
length of 4.46 f 0.21 cm was recorded in 70 % cultures after 8 weeks of culture 
(Table 20). While transfer of root explants onto MS medium devoid of PGRs was 
found ineffectual for shoot proliferation and elongation even after 8 weeks of 
culture (Data not shown). 
Table 19: Effect of different concentrations of TDZ on multiple adventitious 
shoot bud induction from root explants after 4 weeks of culture. 
TDZ (µM) % Response Mean no. of shoot 
buds/explant 
0.5 55 4.46 ± 0.2G 
1.0 62 6.63 ± 0.21' 
2.5 57 5.10 t  0.206 
5.0 43 2.90 f 0.23c 
7.5 40 2.76 f 0.14c 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
Table 20: Effect of different concentrations of NAA supplied with 7.5 µM BA, 
on shoot multiplication from TDZ-exposed root explants after 8 
weeks of culture. 
NAA (AM) % Response Mean no. of Mean shoot 
shoots/explant length (cm) 
0.1 60 10.00 	0.11 3.94 f 0.02 
0.5 70 11.50f0.28a  4.46t0.21a  
1.0 66 9.16 f 0.446 4.07 f 0.03' 
1.5 54 7.83 f 0.16` 3.67 f 0.06` 
2.0 49 5.660.23°  3.20±0.05' 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
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Fig. 5: Emergence of direct shoot buds from root (R) explants on (A) 
MS + 7.5 µM BA (B) MS + 7.5 µM Kn (C) MS + 7.5 pM 2-iP (D) MS 
+ 1.0 µlb] TDZ after 4 weeks of culture. 
(E) Culture showing elongation and proliferation of adventitious 
shoots from R explants on MS + 7.5 pM BA + 0.5 pM NAA after 8 
weeks of culture. 
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4.1.5. Regeneration from cotyledon explants excised from 15 days old aseptic 
seedlings 
4.1.5.1. Effect of cytokinins 
The responding explants placed onto the MS medium fortified with different 
concentrations of BA, Kn and 2-iP singly, swelled and turned dark green, whereas 
the non-responding explants faded to light green and subsequently to brown after 4 
weeks of culture. Regeneration was evident within 2 weeks of culture, with 
multiple clusters of dark green protuberances appearing from the surface and the 
edges of the explant (without intervening callus formation). These clusters 
appeared more on adaxial surfaces and along the proximal region followed by distal 
region of the cotyledons upto the 4 weeks. Neither swelling nor morphogenie 
response was induced in the cotyledons cultured onto the MS basal medium devoid 
of growth regulators. 
Among the different cytokinins tested, highest adventitious shoot regeneration 
frequency (76 %) and number of shoots per explant (11.80 + 0.28) was noticed on 
MS medium augmented with 7.5 µM BAP (Fig. 6A). While MS medium fortified 
with similar level (7.5 gM) of Kn and 2-iP exhibited 7.20 ± 0.10 and 5.76 ± 0.03 
shoots per explant in 60% and 52% cultures respectively after 4 weeks of culture 
(Fig. 6B, C). The cytokinin concentrations higher than 7.5 µM suppressed shoot 
organogenesis and a decrease in percent response was observed (Table 21). 
Subculturing of the explants onto the same fresh medium failed to multiply and 
differentiate into the shoots, turned necrotic afterwards. 
4.1.5.2, Synergistic effect of cytokinins and auxins 
The combination of cytokinins (BA, Kn and 2-iP) at optimized level (7.5 µM) with 
various auxins viz., NAA, IBA and IAA singly in the MS medium significantly 
enhanced the morphogenic response. Among the different combinations of PGRs 
tested, MS medium supplemented with 7.5 µM BA and 0.5 µM NAA gave the best 
results with highest frequency of shoot regeneration (85%), number of shoots 
(17.50 + 0.28) per explant and shoot length (5.30 t 0.11 cm) after 8 weeks of 
culture (Table 22; Fig. 6E). At the identical level, Kn + NAA and 2-iP + NAA 
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produced maximum regeneration frequency of 73 % and 64 % with 11.00 ± 0.11 
and 6.50 f 0.05 shoots per explant and an average of 3.53 ± 0.03 cm and 3.00 ± 
0.11 cm shoot length respectively after 8 weeks of culture (Table 23, 24). Among 
different auxins tested, NAA showed greatest synergism with each cytokinin (BA, 
Kn, 2-iP) followed by IBA and IAA. The frequency of shoot regeneration and 
number of shoots per explant decreased at high concentrations (1.0 - 2.0 µM) of 
auxins (Table 22, 23, 24). 
Table 21: Effect of various cytokinins on multiple shoots induction from 
cotyledon explants in MS medium after 4 weeks of culture. 
Cytokinins QtMJ % Response Mean no. of shoot 
BA Kn 2-iP buds/explant 
0.5 55 5.00±0.57 e 
2.5 60 7.00+1.15° 
5.0 68 10.00+ 1.156 
7.5 76 11.80 f 0.28° 
10.0 58 9.00 t 0.57b 
12.5 51 6.00+0.57`' 
0.5 42 3.00+ 0.28x" 
2.5 48 4.50t0.1P' 
5.0 54 6.00 f 0.14 a` 
7.5 60 7.20±0.10c 
10.0 52 5.80+0.05°" 
12.5 45 4.76+0.03dcf  
0.5 34 2.53 f 0.03' 
2.5 40 4.03 ± 0.08e% 
5.0 49 5.13 f 0.03ae 
7.5 52 5.76±0.03`" 
10.0 45 4.60 ± 0.05dcf  
12.5 38 3.50±0.12 	` 
Values represent means ± SB. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
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Table 22: Effect of different auxins amended with an optimal concentration of 
BA (7.5 µM) in MS medium on shoot induction and multiplication 
from cotyledon explants after 8 weeks of culture. 
Auxins (pM) 	% Response 	Mean no. of 	Mean shoot 
	
NAA 	IBA IAA 	 shoots/explant 	length (em) 
0.1 80 	14.00+ 1.15 	5.00f0.05 
0.5 85 17.50 f 0.284 5.30 t 0.11" 
1.0 76 13.50 t 0.21b`  4.70 f 0.05` 
1.5 68 12.50f0.23` 4.l0t0.04' 
2.0 70 10.50 f 0.20" 3.80 t 0.12e` 
0.1 58 10.00 f 0.21° 
0.5 70 12,50 f 0.12c 4.60 f 0.070 
1.0 66 08.50±0.11` 3.80±0.09`' 
1.5 58 4.50±0.28w' 3.2010.15' 
2.0 54 3.50 ± 0.17"' 2.90 
0.1 43 5.50±0.05 3.20 f 0.089 
0.5 54 7.50±0.13` 3.60±0.12' 
1.0 48 6.00±0.15' 2.80f0.17~' 
1.5 39 4.40t0.089' 2.50±0.13' 
2.0 35 3.00+0.05' 2.10±0.09' 
Values represent means t SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
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Table 23: Effect of different auxins amended with an optimal concentration of 
Kn (7.5 µM) in MS medium on shoot induction and multiplication 
from cotyledon explants after 8 weeks of culture. 
Auxins (µM) % Response Mean no. of Mean shoot 
NAA IBA 	IAA shoots/explant length (cm) 
0.1 58- 8.00±0.76` 2.40f0.05` 
0.5 73 11.00±0.118 3.53t0.03a 
1.0 69 7.40 ± 0.05`' 2.60 t 0.05cd  
1.5 55 4.46±0.12g1i  2.33±0.23' 
2.0 50 3.50 ± 0.11' 2.13 t 0.031  
0.1 48 7.00 + 0.15°e 2.50 f 0.05'x`  
0.5 60 9.00 + 0.576 3.23 f 0.096 
1.0 47 5.50+0.14± 2.70±0.681  
1.5 38 4.00±0.10" 2.20t0.11s 
2.0 32 2.50&0.13' 1.73f0.17h  
0.1 37 5.00 f 0.28'9 2.10 t 0.098 
0.5 45 6.50 + 0.20 2.50 f 
1.0 25 3.50+0.18' 1.7010.11' 
1.5 00 0.00±0.00k 0.00+0.00' 
2.0 00 0.00± O.00k 0.00 f 0.00' 
Values represent means + SE. Means sharing the same letter within columns are not 
significantly different (P -0.05) using DMRT. 
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Table 24: Effect of different auxins amended with an optimal concentration of 
2-iP (7.5 µM) in MS medium on shoot induction and multiplication 
from cotyledon explants after 8 weeks of culture. 
Auxins (µM) 	% Response Mean no. of 	Mean shoot 
NAA IBA IAA shoots/explant length (cm) 
0.1 55 2.50 t 0.08x' 1.70 f 0.05 
0.5 64 6.50+0.053 3.00±0.11° 
1.0 49 4.30±0.120 2.4010.15" 
1.5 42 2.63 t 0.03s 2.00±0.18° 
2.0 38 1.90 ± 0.15' 1.60+0.17°  
0.1 48 3.63 ± 0.11' 1.40± 0.09` 
0.5 55 5.00 f 0.12b 2.50 f 0.08°  
1.0 40 3.00±0.09' 1.10+0.1019 
1.5 32 2.43 t 0.14h 0.90 t 0.13" 
2.0 28 1.83±0.10' 0.60±0,12' 
0.1 29 2.43 t 0.04' 1.30 t 0.09ce 
0.5 38 3.20± 0.130  1.93w 0.06` 
1.0 19 1.80±0.15' 0.73+0.08x' 
1.5 00 0.00 + 0.00' 0.00+0.00' 
2.0 00 0.00±o.o0 0.00±0.00 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
4.1.5.3. Effect of TDZ 
Cotyledon explants cultured on MS medium fortified with different concentrations 
(0.5, 1.0, 2.5, 5.0 and 7.5 µM) of TDZ, produced a thick mat of dark green 
adventitious shoot buds over the adaxial surface (without an intervening callus 
phase) after 4 weeks of culture. An increase in the extent of shoot regeneration 
frequency was observed with the increase in concentrations of TDZ upto an optimal 
level (1.0 µM). Among all the concentrations of TDZ tested, 1.0 sM TDZ was 
found most effective in inducing maximum shoot regeneration response (65 %) 
with number'of shoots (7.32±0.20) per explant after 4 weeks of culture (Table 25; 
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Fig. 6D). At higher concentrations of TDZ above optimal level (1.0 AM), a 
decrease in shoot organogenesis of explants with hyperhydric and distorted shoots 
was noticed. 
Continual exposure of the cotyledon explants to the same fresh medium (MS + 1.0 
µM TDZ) beyond 4 weeks resulted in the browning and death of the explant. 
Likewise, the TDZ exposed cotyledon explants failed to show any response 
(proliferation and elongation of shoots) when subcultured onto the growth regulator 
free MS media (Data not shown). While transfer of the explants onto the MS 
medium augmented with 7.5 itM BA and various concentrations of NAA singly 
stimulated the induction and continuous proliferation of shoots. Among all the 
combinations of BA-NAA tested, BA (7.5 µM) + NAA (0.5 µM) was found most 
suitable triggering maximum regeneration frequency (74 %) and number of shoots 
(13.30 + 0.33) with shoot length (4.89 + 0.05 cm) after 8 weeks of culture (Table 
26). 
Table 25: Effect of different concentrations of TDZ on multiple adventitious 
shoot buds induction from cotyledon explants after 4 weeks of 
culture. 
TDZ (µM) % Response Mean no. of shoot 
buds/explant 
0.5 58 4.34± 0.44 
1.0 65 7.32 f 0.203 
2.5 60 5.23 f 0.18x` 
5.0 50 3.66 t 0.23' 
7.5 39 2.35± 0.19d 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
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Fig. 6: Emergence of direct shoot buds from cotyledon (C) explants on 
(A) MS + 7.5 gM BA (B) MS + 7.5 µM Kn (C) MS + 7.5 µM 2-iP (D) MS 
+ 1.0 µM TDZ after 4 weeks of culture. 
(E) Culture showing elongation and proliferation of adventitious shoots 
from C explants on MS + 7.5 µM BA + 0.5 gM NAA after 8 weeks of 
culture. 
Fig. 6: Emergence of direct shoot buds from cotyledon (C) explants on 
(A) MS + 7.5 pM BA (B) MS + 7.5 pM Kn (C) MS + 7.5 pM 2-iP (D) MS 
+ 1.0 pM TDZ after 4 weeks of culture. 
(E) Culture showing elongation and proliferation of adventitious shoots 
from C explants on MS + 7.5 pM BA + 0.5 pM NAA after 8 weeks of 
culture. 
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Table 26: Effect of different concentrations of NAA supplied with 7.5 µM BA, 
on shoot multiplication from TDZ-exposed cotyledon explants after 
8 weeks of culture. 
NAA (µM) 	% Response Mean no. of Mean shoot 
shoots/explant length (cm) 
0.1 71 11.00± 0.23 4.06 f 0.06 
0.5 74 13.30 ± 0.33a 4.89 ± 0.05' 
1.0 67 11.40 f 0.21b  3.96 f 0.16e 
1.5 60 8.67 f 0.20` 3.56 f 0.03` 
2.0 50 6.68+0.1ld 2.93f0.06' 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
4.1.6. Regeneration from hypocotyl explants excised from 15 days old aseptic 
seedlings 
4.1.6.1. Effect of cytokinins 
The ability of hypocotyl segments (1.0-1.5 cm) to produce adventitious shoots 
varied depending upon the PGRs supplied in the MS medium. The first visible 
change in the cultured hypocotyl explants was a slight enlargement in size within 
the first week followed by multiple shoot bud induction (without an intervening 
callus formation) at the cut ends of the explants within 2 weeks of culture on MS 
medium supplied with different concentrations (0.5, 2.5, 5.0, 7.5, 10.0, 12.5 µM) of 
cytokinins viz., BA, Kn and 2-iP singly. After a period of 2 weeks, shoot buds 
started to stretch over the whole explant surface upto the 4's week Furthermore, the 
histological analysis confirms the direct organogenesis pathway showing shoot 
differentiation from hypocotyl explants and maintaining vascular connections (from 
parent explant) (Fig. 29 C, D). 
All the tested levels of BA supplied in MS medium were found more effective than 
Kn and 2-iP, for the regeneration of adventitious shoot buds from hypocotyl 
explants. Significantly a high number of shoots (22.00 ± 1.10) in 81 Va cultures was 
observed on MS medium augmented with 7.5 µM BA after 4 weeks of culture (Fig. 
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7A). Among the different levels of Kn and 2-iP tested, the best shoot induction 
response in 68 % and 59 % cultures was obtained in MS medium containing 7.5 
µM Kn or 7.5 gM 2-iP respectively after 4 weeks of incubation period (Table 27; 
Fig. 7B, C). 
4.1.6.2. Synergistic effect of cytokinins and auxins 
After 4 weeks hypocotyl explants with regenerated shoots were transferred onto the 
shoot proliferation and elongation media containing MS basal medium augmented 
with optimal level (7.5 µM) of each cytokinin (BA, Bn and 2-iP) and different 
concentrations of various auxins viz., NAA, IBA and IAA (0.1, 0.5, 1.0, 1.5, 2.0 
µM) (Table 28, 29, 30). Among different auxins tried, a combination of BA and 
NAA was found to be most effective showed significant enhancement in shoot 
proliferation. Maximum regeneration response (88%), number of shoots (34.00 + 
1.15) and shoot length (6.30 f 0.05 cm) was observed on MS medium amended 
with BA (7.5 µM) + NAA (0.5 µM) after 8 weeks of culture (Table 28, Fig. 7F). 
While BA combined with IBA or IAA at respective medium produced 78 % and 65 
% regeneration frequency with 20.00 t 0.15 and 12.60 f 0.16 number of shoots 
having 5.00 t 0.15 cm and 4.10 f 0.18 cm average shoot length respectively after 8 
weeks of culture (Table 28). 
Optimal concentration (7.5 µM) of Kn combined with different concentrations of 
NAA was also found more efficient among all the combinations of Kn-auxins tried, 
producing maximum regeneration frequency (75 %) at MS + Kn (7.5 µM) + NAA 
(0.5 µM) after 8 weeks of culture. While the combination of Kn (7.5 gM) + IBA 
(0.5 µM) and Kn (7.5 pM) + IAA (0.5 I M) produced maximum shoot regeneration 
response of 68 % and 54 % respectively and proved comparatively less efficient 
than Kn + NAA combinations (Table 29). 
In the same way, among all the levels of 2-iP and auxins tested, 2-iP (7.5 µM) 
augmented with 0.5 µM NAA produced highest shoot regeneration frequency of 67 
% followed by the similar levels of 2-iP + IBA and 2-iP + IAA producing 
regeneration response of 58 % and 41 % after 8 weeks of culture (Table 30). 
However, a consistent decline in the percent shoot regeneration response, number 
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of shoots per explants and shoot length was observed with an increase in the 
concentrations of auxins above optimal levels (1.0 pM, 1.5 pM and 2.0 pM) 
resulting into the formation of stunted shoots. 
Table 27. Effect of different cytukinins on adventitious shoot buds induction 
from hypocotyl explants after 4 weeks of culture. 
Cytokinins (FM) "/o Response Mean no. of shoot 
BA Km 2-ip buds/explant 
0.5 60 9.33 t 0.33 
2.5 67 12.00+0.570 
5.0 72  
7.5 81 22.00 ± 1.10" 
10.0 70 16.00 t 0.81°  
12.5 62 10.00 f 0.506 
0.5 50 3.50 ± 0.05k 
2.5 55 6.00+0.1 i t 
5.0 61 9.00 f 0.156e 
7.5 68 11.80=0.06` 
10.0 63 LOU f 0.28` 
12.5 58 5.80±0.10' 
0.5 40 2.80±0.21" 
2.5 49 4.43 f 0.03&' 
5.0 54 5.93t0.13' 
7.5 59 8.00+0.14°  
10.0 52 5.00 t 0.05ts 
12.5 45 2.2010.13' 
Values represent means + SE. Means snaring the same letter within colunuss are not 
significnnt1y different (P =0.05) using DMRT. 
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Table 28: Effect of different auxins amended with an optimal concentration of 
BA (7.5 pM) in MS medium on shoot proliferation and 
multiplication from hypocotyl explants after 8 weeks of culture. 
Auxins (µNI) % Response Mean no. of - Mean shoot 
NAA IBA IAA shoots/explant length (cm) 
0.1 82 28.00 t 0.28 6.00 t 0.17 
0.5 88 34.00 f 1.15a  6.30 f 0.05a 
1.0 79 26.00 f 0.57°  5.90 f 0.146 
1.5 70 19.00±0.53'` 5.50f0.11` 
2.0 64 15.00+ 1.10s 5.00 t 0.08" 
0.1 72 17.30 t 0.33`' 4.70 ± 0.22` 
0.5 78 20.00±0.15°  5.00±0.15d  
1.0 67 16.00 ± 0.24`g 4.56 ± 0.03` 
1.5 60 12.00±0.22" 4.00± 0.11`g 
2.0 57 8.66±0.32" 3.70 ± 0.09" 
0.1 60 10.00 t 0.34' 3.90 f 0.13r ' 
0.5 65 12.6010.16' 4.10+0.18' 
1.0 57 7.33 +O.23 3.73 t 0.03' 
1.5 50 4.56+0.20" 3.00 t 0.20' 
2.0 45 3.33 t 0.19k  2.73 t 0.03j 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P -0.05) using DMRT. 
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Table 29: Effect of different auxins amended with an optimal concentration of 
Kn (7.5 KM) in MS medium on shoot proliferation 	and 
multiplication from hypocotyl explants after 8 weeks of culture. 
Auxins (µM) 	% Response Mean no. of Mean shoot 
NAA 	IBA 	IAA shoots/explant length (cm) 
0.1 	 70 15.00± 1.l l 4.10 t 0.05 
0.5 	 75 18.00 f 0.574 4.50 f 0.11' 
1.0 67 13.60 t 0.33°c 
1.5 	 60 11.30 f 0.21°`  3.70 t 0.05de 
2.0 	 57 9.33t0.238 3.0010.101 
0.1 	 62 12.60 f 0.16 d` 3.50 f 0.05` 
0.5 	 68 15.00 f 0.51° 3.83 f 0.03 a` 
1.0 	 59 10.00±0.28d1 3.20 f 0.13' 
1.5 	 52 8.00 f 0.131 2.83 f 0.03x'' 
2.0 	 47 5.00+0.5011 2,10+0.09' 
0.1 	50 8.00±0.229 2.70±0.190 
0.5 	54 10.00 f 0.45 1` 3.00 f 0.08, 
1.0 	48 6.00 t 0.15° 2.50 t 0.08` 
1.5 	00 0.00 + 0.00i 0.00 ± 0.001 
2.0 	00 0.00 t 0.00' 0.00 ± 0.001 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
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Table 30: Effect of different auxins amended with an optimal concentration of 
2-iP (7.5 µM) in MS medium on shoot proliferation and 
multiplication from hypocotyl explants after 8 weeks of culture. 
Auxins (µM) 	% Response 	Mean no. of 	Mean shoot 
NAA IBA IAA 	 shoots/explant 	length (cm) 
0.1 	62 	11.00 ± 057b 	3.23 f 0.17 
0.5 67 13.00 f o.52a  3.80 f 0.05' 
1.0 60 10.001 0.2l b`  3.00±0.11` 
1.5 57 7.00 f 0. l2' 2.73 f 0.03°  
2.0 52 4.83 ± 0.16' 2.30 f 
0.1 55 6.83 10.16d  2.50+ 0.1Oe 
0.5 58 9.00 t 0.50` 2.9310.03`" 
1.0 52. 5.76+ 0.14`' 2.13 + 0.13' 
1.5 47 4.83 f 0.15' 1.73 + 0.08' 
2.0 42 3.20+0.101  1.10+0.12' 
0.1 38 5.70±1.10` 1.80±0.139 
0.5 41 6.76+0.12°e  2.10±0.06' 
1.0 36 3.20+0.05g 1.33+0.17°  
1.5 00 0.0040.00h  0.00to.o& 
2.0 00 0.00 ± 0.00h 0.00 t o.o0i 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
M 
Chapter 4 I Results 
4.1.6.3. Effect of TDZ 
The responding hypocotyl explants cultured onto the MS medium fortified with 
different levels of TDZ showed shoot buds induction with dark green color, 
whereas the non-responding explant faded to light brown. Regeneration was 
evident after 2 weeks with multiple clusters of dark green protuberances appearing 
from the surface and the cut ends of the explants directly (without callus 
formation). The range of percentage of shoot regenerating explants was 59-70 % 
and the average number of shoot buds per explant varied significantly at different 
concentrations of TDZ tested (Table 31). The frequency of adventitious shoot 
induction and the number of shoots per explant increased with an increase in the 
concentration of TDZ upto an optimal level. The maximum shoot regeneration 
frequency (70 %) with significant number of shoots (12.60 f 0.33) per explant was 
obtained on MS medium augmented with 1.0 pM TDZ after 4 weeks of culture 
(Table 31; Fig. 7D). While an increase in the concentration of TDZ above optimal 
level (1.0 gM) resulted in the reduction of shoot morphogenesis and cause callus 
formation. 
The TDZ exposed hypocotyl explants when subcultured onto the same fresh 
medium showed vitrification and shoots did not elongate further. To overcome this 
problem, these explants were subsequently subcultured onto the MS medium 
containing BA (7.5 pM) combined with various levels (0.1, 0.5, 1.0, 1.5 and 2.0 
µM) of NAA singly. Highest regeneration response (77 %) with increased number 
of shoots (20.30 ± 0.32) per explant and shoot length (5.15 f 0.08 cm) was 
obtained on BA (7.5 µM) supplied with 0.5 pM NAA in MS medium after 8 weeks 
of culture (Table 32). 
While a reduction in number of responding explants and the intensity of 
organogenesis was observed when TDZ exposed hypocotyl explants were 
subcultured onto the MS medium devoid of TDZ (Data not shown). 
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Fig.7: Emergence of direct shoot buds from hypocotyl (HP) explants on 
(A) MS + 7.5 pM BA (B) MS + 7.5 µM Kn (C) MS + 7.5 pM 2-iP (D) MS + 
1.0 pM TDZ after 4 weeks of culture. 
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Fig. 7: (E, F) Cultures showing elongation and proliferation of adventitious 
shoots from hypocotvl explants on VIS medium supplied with 7.5 µM BA and 0.5 
µM NAA after 6 and 8 weeks of incubation. 
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Table 31: Effect of different concentrations of TDZ on multiple adventitious 
shoot buds induction from hypocotyl explants after 4 weeks of 
culture. 
TDZ (pM) 	% Response 	 Mean no. of shoot 
buds/explant 
0.5 65 9.671 0.65°  
1.0 70 12.60±0.33a  
2.5 67 11.30+0.2la  
5.0 59 7.33 f 0.23` 
7.5 60 5.50 
Values represent means ± SE. Means sharing the same letter within columns are not, 
significantly different (P =0.05) using DMRT. 
Table 32: Effect of different concentrations of NAA supplied with 7.5 pM BA, 
on shoot multiplication from TDZ-exposed hypocotyl explants after 
8 weeks of culture. 
NAA (pM) % Response Mean no. of Mean shoot 
shoots/explant length (cm) 
0.1 62 17.60 f 0.34 4.75 f 0.09 
0.5 77 20.30 f 0.32a  5.15 + 0.08°  
1.0 66 16,00+057c 4.62 t 0,186 
1.5 61 11.00 t 0.48' 3.80 ± 0.10` 
2.0 52 8.66 f 357© 3.15 + 0.04°  
Values represent means t SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
4.1.6.4. Effect of different basal medium 
Effect of three basal media in full and half strength viz., MS, '/2 MS, WPM, '/a 
WPM and B5, %z B5 fortified with optimized combination of BA (7.5 µM) and NAA 
(0.5 µM) were tested for their influence on adventitious shoot regeneration and 
multiplication from hypocotyl explants (Fig. 8). Among all the media tested, full 
strength MS medium proved best for growth and differentiation of shoots inducing 
maximum number of shoots (34.00 ± 1.15) with regeneration frequency of 88 %, 
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while 12.60 f 0.69 shoots were formed in %2 strength MS medium after 8 weeks of 
incubation. WPM was found second best basal medium producing 15.60 f 0.80 
shoots in 64 % cultures, while B5 medium exhibited comparatively low 
regeneration response (41 %) in full as well as in its half strength also, after 8 
weeks of incubation. 
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Fig. 8: Effect of different basal medium on shoot regeneration from hypocotyl 
explants of A. lebbeck supplemented with BA (7.5 pM) + NAA (0.5 pM) after 
S weeks of culture. Bars represent the means t SE. Bars denoted by the 
same letter within response variables are not significantly different (P 0.05) 
using DMRT. 
4.1.6.5. Effect of different carbohydrate sources 
The addition of different carbon sources (sucrose, glucose and fructose) at various 
levels [2 %, 3 %, 4 % and 5 % (w/v)] singly into the MS medium augmented with 
BA (7.5 gM) + NAA (0.5 µM) influenced plantlet growth and multiplication from 
hypocotyl explants. ANOVA showed a significant increase in plantlet regeneration 
from hypocotyl explants at 3 % level of sucrose, glucose and fructose. Beyond 3 % 
levels of all the tested carbon sources a reduction in growth and vigour of planticts 
regeneration from hypocotyl explant was observed after 8 weeks of culture. 
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Among the various carbon source tested, sucrose was found more responsive than 
glucose and fructose producing highest number of shoots (34.00 + 1.15) and shoot 
length (6.30 ± 0.05 cm) in 88 % cultures at 3 % level (Fig. 9). While the explants 
cultured on glucose and fructose had comparatively poor growth. 
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Fig. 9: Effect of different carbohydrate sources on shoot regeneration from hypocotyl 
explants of A. lebbeck cultured on MS medium supplemented with BA (7.5 
pM) + NAA (0.5 µM) after S weeks of culture. Ban represent the means + 
SE. Bars denoted by the some letter within response variables are not 
significantly different (P =0.05) using DMRT. 
4.1.6.6. Effect of different pH levels 
The effect of different pH levels of the medium (5.0, 5.4, 5.8, 6.2 and 6.6) was also 
examined with full strength MS medium augmented with BA (7.5 pM) and NAA 
(0.5 µM) on shoot regeneration frequency from hypocotyl explants. Among all the 
levels of pH tested, maximum number of shoots (34.00 ± 1.15) per explant was 
recorded at pH 5.8. The multiplication rate was severely affected with the decrease 
in pH level below 5.8, where the acidic nature of media inhibited shoot 
proliferation. While basic nature of the medium at pH above 5.8 also showed 
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detrimental effects on shoots regeneration frequency after 8 week of culture (Fig. 
10). Hence, lower and higher pH levels than 5.8 showed low performance for the 
induction and proliferation of shoots in hypocotyl explants. 
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Fig. 10: Effect of medium pH on shoot regeneration from hypocotyl explants of A. 
lebbeck cultured on MS medium supplemented with BA (7.5 PM) + NAA 
(0.5 pM) after 8 weeks of culture. Bars represent the means f SE. Bars 
denoted by the same letter within response variables are not significantly 
different (P =0.05) using DMRT. 
4.1.7. Induction of multiple shoots from intact seedlings 
4.1.7.1. Effect of BA, Kn, GA3 and TDZ on seed germination 
The shoot forming capacity of intact seedling explants (seeds) was greatly 
influenced by the type of growth regulator and its concentration in the medium 
used. A single shoot was induced from the seeds cultured on MS basal medium 
(Fig. 2E). Also the addition of different concentrations (1.0, 2.5, 5.0, 7.5 and 10.0 
µM) of BA and GA3 induced seed germination. Among the different concentrations 
of BA and GA3 tested, maximum seed germination frequency (50 % and 46 %) was 
found at 5.0 pM concentration with single shoot from each axillary bud of the 
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cotyledonary node region (Table 30). While Kn containing medium failed to 
germinate the seeds (Data not shown). 
In contrast, on a media containing different concentrations (1.0, 2.5, 5.0, 7.5 and 
10.0 µM) of TDZ, an enlargement and subsequent break of multiple shoots from 
the region adjacent to the apex of the primary shoot (epicotyl region) was observed 
in all the concentrations tested within 10 days of seed inoculation. All the viable 
seeds germinated and produced multiple shoot containing stump (sprouting 
epicotyls) (Fig. 11 A, B). Among all the tried levels of TDZ, 5.0 µM TDZ supplied 
in MS medium produced maximum sprouting epicotyls regeneration frequency (76 
Va) with number of shoots (8.00 t 0.47) per sprouting epicotyls and shoot length of 
3.00 1 0.11 cm within 25 days of seed culture (Table 31). Reduction in the 
sprouting epicotyls regeneration frequency was observed at higher levels of TDZ 
(above 5.0 µM). 
Histological studies were conducted on 7 and 10 day-old epicotyl segments 
(sprouted epicotyls) to trace the origin of multiple shoots from the epicotyl region. 
Longitudinal section of epicotyl segment showed the development of apical shoot 
meristems with leaf primordia after 7 days of seed gerniination (Fig. 11D). While 
after 10 days adventitious buds (meristematic zones) start to develop in the epicotyl 
region or in the basal region of the shoot apical mcristems (Fig. 11E) and 
subsequently differentiated into the multiple shoots by 25 s` days (Fig. 11B). 
Therefore, apart from shoot apical meristem, adventitious shoots also originated 
from epicotyl region in the intact seedling explants cultured on TDZ supplemented 
medium (Fig, I lA, B). 
For further shoot proliferation and multiplication, the regenerated sprouting 
epicotyls (30 days old) were excised and subcultured onto the same fresh medium 
(MS + 5.0 µM TDZ), which resulted in the formation of rosette of shoots and did 
not elongate further. Therefore, to overcome this problem, in the first set of 
experiment these sprouting epicotyls were subsequently subcultured to a medium 
containing lower concentrations of TDZ (Table 32). While in the second set of 
experiment, sprouting epicotyls were transferred onto the cytokinin-auxin 
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combinations which enhanced the rate of shoot proliferation and length by three to 
four fold. 
Table 30: Percentage of seed germination on different concentrations of BA 
and GA, supplied in MS medium. 
Plant growth regulators (pM) 	 % Seed germination 
MS 80 
MS + 1.0 gM BA 20 
MS + 2.5 µMBA 35 
MS + 5.0 µMBA 50 
MS + 7.5 µMBA 42 
MS+10.0pMBA 30 
MS+1.OµMGA, 18 
MS + 2.5 aM GA3 	 30 
MS + 5.0 µM GA3 	 46 
MS + 7.5 p.M GA3 	 32 
MS + 10.0 gM GA3 	 26 
Table 31: Effect of different TDZ concentrations supplied in MS medium, on 
percentage of stump regeneration from • intact seed explants, 
average number of shoots and shoot length obtained per stump 
after 25 days of seed culture. 
TDZ (p4) '% of shoot stump 
regeneration 
Mean no. of 
shoots/explants 
Mean shoot 
length (cm) 
.1.0 53 4.00+0.25 2.00+0.05` 
2.5 62 7.00±0.38b 2.50+0.176 
5.0 76 8.00 ± 0.47' 3.00 ± 0.1 1bc 
7.5 64 6.00±0.52°  2.20+0,12'` 
10.0 55 3.00 f 0.40` 1.40 + 0.05 t` 
Values represent means + SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
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4.1.7.2. Effect of TDZ (lower levels) on shoot proliferation and multiplication 
In the first set of experiment, ANOVA showed a significant effect on the frequency 
of responding sprouting epicotyl explants, number of shoots per sprouting epicotyl 
and shoot length when excised sprouting epicotyls were subcultured onto the MS 
medium supplied with lower levels (0.05, 0.1, 0.3, 0.5, 1.0 and 1.5 µM) of TDZ 
(Table 32). Among all the levels of TDZ tested, maximum shoot proliferation and 
multiplication response (76 %) with number of shoots (21.00 t 0.45) per sprouting 
epicotyl and shoot length (5.10 f 0.03 cm) was observed on the MS medium 
containing 0.5 µM TDZ after 8 weeks of culture (Fig. 1 1C). 
Table 32: Effect of TDZ concentrations (lower levels) supplied in MS medium 
on percentage of sprouting epicotyls showing proliferation, average 
number of shoots per stump segment and shoot length (cm) after 8 
weeks of culture. 
TDZ (KM) % Response 	Mean no. of 	Mean shoot 
shoots/explants 	length (cm) 
	
0.05 	52 	 10.00 t 0.57 	 3.15±0.02t  
0.1 	60 	 14.00± 1.15c 	 3.81±0.01°  
0.3 67 	 18.00 f 0.386 	4.29 f 0.056 
0.5 	76 	 21.00 t 0.45a 5.10+0.0? 
1.0 	65 	 17.00 t 0.1lb 	 4.16 t 0.03` 
1.5 	 58 13.50±0.29° 	 3.47 ±0.08c 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
4.1.7.3. Synergistic effect of cytokinins and auxins on shoot proliferation and 
multiplication 
In the second set of experiment sprouting epicotyls were transferred onto the MS 
medium supplied with cytokinin BA (7.5 µM) in combination with different 
concentrations (0.1, 0.5, 1.0, 1.5 and 2.0 pM) of NAA. Among different 
combinations of BA- NAA tested, 0.5 tM NAA proved best combination with 7.5 
µM BA for maximum number of shoots (24.50 ± 0.12) proliferation per sprouting 
epicotyls explant with shoot length of 5.40 f 0.11 cm in 78 °h cultures after 8 
weeks of incubation (Data not shown). 
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Fig. 11: (A) Seed germination and induction of multiple shoots from 
epicotyl region on MS + TDZ (5.0 µM). (B) Sprouting epicotyl segments 
obtained on MS + TDZ (5.0 µM) after 25 days of culture. (C) 
Multiplication of shoots achieved from epicotyl segments (shoot stumps) 
cultured on MS + TDZ (0.5 µM) after 8 weeks of culture. (D) 
Photomicrographs of longitudinal sections of shoot apices (epicotyl 
segment) of A. lebbeck showing development of shoot apical meristem 
(SAM) after 7 days of seed culture. (E) Longitudinal section showing 
lateral shoot bud (LB) proliferation after 10 days of seed culture. 
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Hence, TDZ exposed cultures (sprouting epicotyls) showed more number of shoot 
induction and multiplication on BA+NAA supplemented MS medium than to the 
cultures (TDZ exposed) transferred onto the lower levels of TDZ (Table 32). 
4.1.8. Regeneration from mature nodal explants excised from 20 year old 
candidate plus tree 
4.1.8.1. Effect of cytokinins 
Bud breaking and sprouting appeared from the development of pre-existing 
meristems within 3 weeks of culture initiation on MS medium supplemented with 
different levels (0.5, 2.5. 5.0. 7.5, 10.0 and 12.5 µM) of various cytokinins (BA. Kn 
and 2-iP). Among the different concentrations of cytokinins tested, a significant 
increase in shoot regeneration frequency was found from 0.5 to 10.0 pM of BA. Kn 
and 2-iP after 10 weeks of culture (Table 33). The percentage response varied 
depending on the type and concentration of cytokinins used. BA proved more 
efficient than Kn and 2-iP with respect to the induction and subsequent 
proliferation of shoots. BA at 10.0 pM level induced the maximum number of 
shoots (12.20 ± 0.18) per explant with shoot length of 3.22 ± 0.04 cm in 70 °%o 
cultures (Fig. 12A). Whereas at the same concentration, Kn and 2-iP resulted in the 
induction of 9.10 ± 0.23 and 6.00 + 0.32 shoots with shoot length of 2.80 + 0.10 cm 
and 2.00 ± 0.05 cm in 62 % and 47 % cultures respectively, after 10 weeks of 
culture (Table 33; Fig. 12B. C). Both the percentage of explants forming multiple 
shoots and the shoot number declined significantly at progressively higher 
concentration (12.5 µM) of BA. Kn and 2-iP. 
4.1.8.2. Synergistic effect of cytokinins and auxins 
Effect of combined treatments of cytokinins along with auxins was evaluated for 
shoot multiplication rate by taking the optimized concentration (10.0 PM) of 
different cytokinins (BA. Kn and 2-iP) in combination with different concentrations 
(0.1. 0.5, 1.0, 1.5, 2.O µM) of auxins (NAA. IBA and IAA). The shoot 
multiplication and elongation from nodal explants was significantly increased cpto 
an optimal level (1.0 µM) of all auxins tested. 
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Among the various combinations of BA (10.0 MM) and auxins viz; NAA, IBA and 
IAA tested, the highest shoot regeneration frequency (76 %), number of shoots 
(23.20 ± 0.05) per explant and shoot length (5.83 ± 0.06 cm) was recorded on MS 
medium augmented with BA and 1.0 pM of NAA after 10 weeks of culture (Fig. 
12E). While at the same concentrations of cytokinin-auxin regime the combination 
of BA (10.0 MM) -- IBA (1.0 MM) and BA (10.0 µM) IAA (1.0 MM) showed an 
average of 12.0 + 0.11 and 7.66 = 0.33 shoots in 58 % and 45 `3'o cultures 
respectively (Table 34). Hence, a decrease in shoot induction and multiplication 
frequency was observed when the NAA was replaced with IBA and IAA. 
Optimized plant growth regulators regime (MS t- 10.0 µM BA E 1.0 µM NAA) 
subsequently served as maintenance medium (MM) in the consequent study. 
Furthermore, addition of NAA, IBA and IAA to optimal Kn concentration showed 
varying degree of response. Among various Kn and NAA combinations used, the 
highest shoot regeneration frequency (67 %) and number of shoots per explant 
(16.30 ± 0.17) with maximum shoot length (3.30 ± 0.17 cm) were recorded on MS 
medium fortified with Kn (10.0 hM) + NAA (1.0 MM) after 10 weeks of culture 
while among Kn-IBA and Kn-IAA combinations, Kn (10.0 µM) + IBA; IAA (1.0 
µM) amended MS medium was effective in inducing 9.33 + 0.34 and 5.33 ± 0.03 
shoots with 2.83 - 0.03 cni and 2.07 = 0.03 can shoot length in 56 % and 42 % 
cultures respectively (Table 35). 
However, addition of auxins to optimized 2-iP concentration (10.0 MM) didn't 
significantly improve the parameters. MS medium fortified with 2-iP (10.0 µM) + 
NAA (1.0 µM) induced 6.83 ± 0.16 shoots in 45 % cultures, while much lower 
numbers of shoots (4.00 ± 0.30) and (3.10 ± 0.24) were recorded in 2-iP (10.0 MM) 
+ IBA (1.0 µM) and 2-iP (10.0 µM) - IAA (1.0 MM) combinations respectively 
after 10 weeks of culture (Table 36). Increasing concentration of NAA. IBA and 
IAA above 1.0 pM level leads to a decrease in shoot formation ability and 
facilitated basal callusing in the cultures. 
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Table 33: Effect of various cytokinins supplied in MS medium, on multiple 
shoot induction from mature nodal explants after 10 weeks of 
culture. 
Cytokinins (µ1e1) % Response Mean no. of Mean shoot 
BA Kn 	2-iP shoots/explants length (cm) 
0.5 49 5.29 ± 0.14 0.50±0.12` 
2.5 58 6.23f0.15e 1.00170.11' 
5.0 63 7.00--0.05` 2.I0t0.23' 
7.5 68 9.20±0.17b 2.70±0.111±  
10.0 70 12.2±0.18a 3.22+0.04a 
12.5 57 790±005c 3.13 ± 0.20a 
0.5 40 3.34 ± 0.33" 0.04 ± 0.051±  
2.5 50 4.00 ± 0.28sni 0.08 ± 0.111±  
5.0 53 5.1010.11' 1.80±0.12` 
7.5 55 7,200•17d 2.00t0.11d 
10.0 62 9.10f0.23h  2.80f0.10b 
12.5 58 4.60 	0.12t9  2.50±0.17` 
0.5 22 1.66 + 0.34' 0.00 ± 0.00' 
2.5 28 2.73±0.37 0.30= 0.101±  
5.0 34 3.74±0.38 „  1.06±0.06' 
7.5 40 5.33 + 0.33` 1.56 f 0.03e 
10.0 47 6.00 = 0.32k 2.00 + 0.05d  
12.5 30 4.16 	0.16`'1 ± 1.66 f 0.06e 
Values represent means t SE. Means sharing the sane letter within columns are not 
significantly different (P =0.05) using DMRT. 
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Table 34: Effect of different auxins amended with an optimal concentration of 
BA (10.0 pM) in MS medium on shout induction and multiplication 
from nodal explants after 10 weeks of culture. 
Auxins (µI19) 	"/o Mean no. of Mean shoot 
NAA IBA 	IAA 	Response shoots/explant length (cm) 
0.1 72 12.9 + 005d 420+0.17 
0.5 74 19.4±0.24b 5.13±0.206 
1.0 76 23.2 ± 0.05' 5.83 ± 0.06' 
1.5 67 19.210.176 5.20 	0.05°  
2.0 58 16.1 + 0.23` 4.70± 0.05` 
0.1 	 48 7.33 ± 0.33h 3.11 f 0.06E 
0.5 	 52 9.66 ± 0.33' 3.69+0.03` 
1.0 	 58 12.0 ± 0.11 4.11 1 0.06°  
1.5 	 50 8.66+0.348 3.38+0.061  
2.0 	 46 6.33=0.35' 3.01±0.04' 
0.1 	32 3.33 f 0.32" 2.8810.041 
0.5 	40 5.66 + 0.34'' 3.15 f 0.07" 
1.0 	45 7.66 = 0.33h 3.55 f 0.02± 
1.5 	39 5.00 t 0.57' 3.00 + 0.05" 
2.0 	30 2.16 = 0.16' 2.550.02' 
Values represent means f SE. Means sharing the same letter within columns are not 
significantly different (P =.05) using DMRT. 
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Table 35: Effect of different auxins amended with an optimal concentration of 
Kn (10.0 ltM) in NIS medium on shoot induction and multiplication 
from nodal explants after 10 weeks of culture. 
Auxins (ltM) % Response Mean no. of Mean shoot 
NAA IBA IAA shoots/explant length (cm) 
0.1 60 10.5 t 0.28c 2.90 + 
0.5 62 12.3 h 0.11" 3.00 i 0.II' 
1.0 67 16.3+0.17a  330=0.172 
1.5 55 13.0±0.572 2.80±0.1I` 
2.0 52 11.2±0.17` 2.60t0.12d  
0.1 41 4.60 = 0.66 8` 2.00 + 0.02 8` 
0.5 50 7.33+0.33` 2.55+0.03d  
1.0 56 9.33 t 0.34°  2.83 ± 0.03b`  
1.5 48 8.34=0.32"` 2.20±0.11 t` 
2.0 40 5.66+0.66' 1.85±0.028 
0.1 28 1.67+0.341  1.55+0.17' 
0.5 37 3.66' 0.33" 1.93 f 0.06rs 
1.0 42 5.33 f 0.03' 2.07 ± Q03°r 
1.5 30 1.33 i 0.33h  1.54 ± 
2.0 00 0.00t0.00' 0.00±0.00' 
Values represent means s SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
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Table 36: Effect of different auxins amended with an optimal concentration of 
2-iP (10.0 µ1I) in `IS medium on shoot induction and multiplication 
from nodal explants after 10 weeks of culture. 
Auxins (Eii1I) % Response Mean no. of Mean shoot 
NAA IBA IAA shoots/explant length (cm) 
0.1 32 4.00±0.11 1754002d  
0.5 40 5.33 t 0.33 2.11 	- 0.07b`  
1.0 45 6.83+0.16a 2.41 ±0.04a 
1.5 38 516016b 2.28 	0.09ab 
2.0 30 3.26 t 0.12 1``  1.93 ± 0.03 d`  
0.1 23 1.66 f 0.334  1.46 ± 0.03` 
0.5 29 3.34 ± 0.23de 1.72 	0.04' 
1.0 34 4.00+0.30` 1.83+0.24d  
1.5 28 2.3010.32'` 1.45 ± 0.02e 
2.0 20 1.33 t 0.34'' 1.18 ± 0.04' 
0.1 00 0.00 f 0.00' 0.00 is 0.008 
0.5 10 2.6610.16`' 1.45 1= 0.02 
1.0 25 3.1010.24"e 1.70t0.01d  
1.5 15 1.83 	±0.16gr' 096±008' 
2.0 00 0.00 ± 0.00' 0.00 ± 0.009 
Values represent means ± SE. Means sharing the sane letter within columns are not 
significantly different (P =0.05) using DMRT. 
4.1.8.3. Effect of TDZ 
Nodal explants failed to respond morphogenically to a growth regulator free NIS 
medium but when inoculated on 1✓1S medium supplemented with various 
concentrations (0.5, 1.0. 2.5, 5.0 and 7.5 [Al) of'l'DZ multiple shoot induction was 
113 
Chapter 4 ( Results 
found. Presence of TDZ in the culture medium positively influenced the 
regeneration system. Of the various concentrations of TDZ tested, 1.0 [N TDZ 
proved to be the optimal for maximum number of shoot induction (10.30 ± 0.34) in 
60 % cultures. after 10 weeks of culture (Table 37; Fig. 12D). Increased 
concentrations of TDZ higher than 1.0 µN1 had a negative effect on the frequency 
of shoot induction and number of shoots per explants resulted in callus formation at 
the base of the explants and hyperhydricity in the regenerated shoots. 
Subculturing of the nodal segments onto the same but fresh medium or on MS 
medium devoid of PGRs supplemented NIS medium reduced the average number of 
shoots production and proved ineffective (Data not shown). While transfer of the 
explants onto the MS medium containing optimal level (10.0 µM) of BA with 
various concentrations of NAA was found efficient for enhanced axillary shoot 
proliferation and multiplication. I'DZ exposed nodal segments showed highest 
regeneration frequency (62 %) with number of shoots (17.50 + 0.28) per explant 
and shoot length (4.10 ± 0.05 cm) on MS medium augmented with 10.0 µM BA 
and 1.0 pM NAA after 10 weeks of culture. At higher concentrations (above 1.0 
µM), NAA caused a significant decrease in shoot number and shoot length (Table 
38). 
Table 37: Effect of different concentrations of TDZ on multiple shoot 
proliferation from nodal explants after 10 weeks of culture. 
TDZ (µM) % Response Mean no. of 
shoots/explant 
Mean shoot 
length (cm) 
0.5 50 8.33 + 033b  2.03 ± 0.03 
1.0 60 10.3 + 0.34a  2.56 ± 0.05a  
2.5 52 7.40 	0.35' 1.81 ±O.04` 
5.0 40 5.3310.32` 1.58 f 0.04 i`  
7.5 31 2.33±0.33 1.06±0.03e 
Values represent means +- SE. `-leans sharing the same letter within columns are not 
significantly different (P =0.05) using DOT. 
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Fig. 12: Induction of multiple shoots from mature nodal (N) explants on 
(A) MS + 10.0 µM BA (B) MS + 10.0 pM Kn (C) MS + 10.0 pM 2-iP (D) 
MS + 1.0 pM TDZ after 10 weeks of culture. 
(E) Culture showing regeneration and multiplication of shoots from N 
explant on MS + 10.0 µVI BA + 1.0 pM NAA after 10 weeks of culture. 
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Table 38: Effect of different concentrations of NAA supplied with 7.5 µM BA, 
on shoot multiplication from TDZ-exposed nodal explants after 10 
weeks of culture. 
NAA 	% Response 	Mean no. of 	 Mean shoot 
(µM) 	 shoots/ explant 	 length (cm) 
	
0.1 	50 	 9.33 ± 0.33` 	 2.95± 002d  
0.5 	55 	 12.6W 0.66' 	 3.51 ±0.04c 
1.0 	62 	 17.5+0.28a 	 o.o5a  
1.5 	52 	 10.3 + 0.33` 	 3.68 * 0.04b 
2.0 	40 6.761 0.66 	 3.08 f 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
4.1.9. Effect of Zn, Cu and Cd on in vitro axillary shoots induction from nodal 
segments 
Axillary shoot differentiation was also observed in nodal segments excised from 10 
week old in vitro shoot cultures, reared on MM medium (MS + 10.0 µM BA + 1.0 
JAM NAA) with additional supply of Zn8O4 (0.06, 0.12, 0.24 and 0.48 mM), CuSO4 
(0.02, 0.05, 0.10 and 0.20 mM) and CdClz (0.001, 0.003, 0.005 and 0.01 mM) 
(Table 39). The shoot bud break and sprouting of shoots was noticed within 3 
weeks of culture in all the treatments tried. Among all the different concentrations 
of metals tested, highest shoot proliferation response in 84 % cultures was observed 
on MM medium containing 0.06 mM ZnSO4, where maximum number of shoots 
(24.5 ± 0.83) per explant and shoot length (5.90 + 0.05 cm) was recorded after 10 
weeks of culture (Fig. 13A). While second best treatment of metals for enhanced 
axillary shoot proliferation was proved to be CuSO4 (0.02 mM) supplied in MM 
exhibiting maximum 24.0 ± 1.15 shoots production per explant with an average of 
5.70 ± 0.14 cm shoot length in 79 % cultures (Fig. 13B). ANOVA revealed that the 
percent regeneration frequency increased about 9.0 % in the MM medium 
containing 0.06 mM ZnSO4 followed by 2.5 % increase at 0.02 mM CuSO4 than 
the cultures on MM medium (Table 39). However, higher concentrations of ZnSO4 
(0.12, 0.24 and 0.48 mM) and CuSO4 (0.05, 0.10 and 0.20 mM) augmented in MM 
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caused a reduction in the percent regeneration frequency of about 38 % at 0.48 mM 
ZnSO4 followed by 41 % at 0.20 mM CuSO4 than MM cultures. 
In contrast to above, explants cultured on different concentrations of CdCl2 
supplied with MM (MS + 10.0 pM BA + 1.0 gM NAA), showed low morphogenic 
response than other treatments (MM + ZnSO4 or MM + CuSO4) in inducing bud 
break and multiplication of shoots. A significant reduction in shoot regeneration 
was found with increasing concentrations of CdC12 from 0.001 to 0.010 mM. 
Whereas at 0.001 mM level of CdC12, a non-significant reduction than MM cultures 
was observed, hence proved to be comparatively less non-proliferating. Among all 
the levels of CdCl2 tested, 0.001 mM exhibited an average of 21.60 + 0.30 shoots 
per explant with shoot length (5.00 ± 0.23 cm) in 73 % cultures after 10 weeks of 
incubation. While shoots obtained on higher concentration of CdC12 exhibited 
abnormality leading to stunting of shoots, yellowing of leaves and browning of the 
explants (Table 39; Fig. 13 C, D). 
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Table 39: Effect of different concentrations of ZnSO4, CuSO4 and CdCl2 
supplied in MM (MS + 10.0 µM BA + 1.0 µM NAA), on shoot 
induction and multiplication from in vitro nodal explants after 10 
weeks of culture. [c in parenthesis denotes control. While control is the 
concentration of ZnSO4, CuSO4 and CdCl2 present in the Murashige and 
Skoog 1962 (MS) basal medium]. 
Metals (mM) % Response Mean no. of Mean shoot 
ZnSO4 CuSO4 CdC12 shoats/explant length (cm) 
0.03(c) 77 23.3±0.33' 5.80±0.11a 
0.06 84 24.5 ± 0.83' 5.90 f 0.05a 
0.12 80 22.6k 0.33ab 5.40+0.11~s 
0.24 67 14.6 f 0.34' 5.10 + 0.23 a` 
0.48 47 9.33 t 0.30± 4.80± 0.11ae 
0.0001(c) 77 23.3 t 0.22ab 5.80 ± 0.11 ae 
0.020 79 24.0± 1.15a 5.70 t 0.14ab 
0.050 76 21.3 f 0.336 5.30 f 0.11"` 
0.100 62 15.0 f 1.15° 4.80 f 0.1 Ile 
0.200 45 8.00±1.15` 4.30t0.1I g` 
0.000(c) 77 23.3 ± 0.32ab 5.80±0.1 1ab 
0.001 73 21.6±0.30 5.00±0.23`"` 
0.003 60 18.3 f 0.28` 4.50+ 0.28ec 
0.005 42 11.6±0.240 3.90±0.061 
0.010 38 7.66±o.34  3.25 t 0.15" 
Values represent means + SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
4.1.9.1. Estimation of proline content in Zn, Cu and Cd raised cultures 
As shown in Fig. 14, 10-week-old cultures of A. lebbeck exhibited metal 
concentration (dose) dependent increasing trend in proline content over MM 
cultures. Cultures grown on different levels of ZnSO4, CuSO4 and CdC12 showed a 
significant increase in proline content from 0.03 mM to 0.06 mM of ZnSO4, 0.001 
mM to 0.02 mM of CuSO4 and 0.00 to 0.001 rruM of CdC12. While beyond 0.02 
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Fig. 13: Induction of multiple shoots from in vitro excised nodal explants 
cultured on (A) MS + BA (10.0 µM) + NAA (1.0 µM) + ZnSO4 (0.06 mM) 
(B) MS + BA (10.0 µM) + NAA (1.0 AM) + CuSO4 (0.02 mM) (C) MS + BA 
(10.0 µM) + NAA (1.0 µM) + CdC12 (0.001 mM) (D) Cultures exhibiting 
necrosis and stunting on MS + BA (10.0 p M) + NAA (1.0 µ M) + CdC12 
(0.005 mM) after 10 weeks of culture. 
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mM of ZnSO4, 0.001 mM of CuSO4 and 0.001 mM of CdCl2 a non-significant 
increase was noticed. 
Moreover, proline content increased from 75 to 95 % at 0.48 mM ZnSO4, 78.8 to 
97.3 % at 0.02 mM CuSO4 and 86.7 to 131 % at 0.01 mM CdC)z when compared 
with MM cultures (100%). Maximum increase in proline content was observed in 
cultures grown on CdC12 augmented medium. 
~ Proline content 
S 
ZnSO4 	CuSO4 	CdC12 
Heavy Metals (mM) 
Fig. 14: Effect of different concentrations of ZnSO4, CuSO4 and CdC12 (mM) on 
proline content of Albizia lebbech regenerants grown on MM [MS + BA 
(10.0 ptM) + NAA (1.0 µM)1 supplied with different levels of ZnSO4 (0.03-
0.4S mM), CuSOQ (0.0001-0.2 mM) and CdCl2 (0.00-0.01 mM). Bars 
represent the means + SE. Bars denoted by the alphabets are significantly 
different (P =0.05) using DMRT. [c in parenthesis denotes control (MM): 
While control is the concentration of ZnSO4, CuSO4 and CdC12 present in the 
Murasliige and Skoog 1962 (MS) basal medium] 
4.1.9.2. Estimation of chlorophyll (a and b) and carotenoid content in Zn, Cu 
and Cd raised cultures 
Data presented in Pig. 15, 16 and 17 showed the effect of different concentrations 
of metals on chlorophyll (Chl) a and b pigments in cultures grown on Zn, Cu and 
Cd fortified MS medium. Cultures grown on increasing concentrations of ZnSO4 
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(0.06-0.48 mM), CuSO4 (0.02-0.20 mM) and CdCl2 (0.001-0.01 mM) exhibited a 
decreasing trend of Chl (a and b) pigments over MM cultures [cultures grown on an 
optimized level of PGRs (MS + 10.0 µM BA + 1.0 p.M NAA) without additional 
supply of tested metals]. Chl a decreased from 3.30 % to 12.00 % and Chl b from 
2.60 % to 17.70 % at 0.48 mM ZnSO4 (Fig. 15), similarly a decrease from 4.80 % 
to 13.50 % in Chi a and 4.60 % to 17.70 % in Chi b was observed at 0.20 mM 
CuSO4 (Fig. 16). Maximum reduction in Chi pigments was found in CdCl2 treated 
cultures, which was about 14.00 % to 41.00 % in Chi a and 6.60 % to 26.60 % in 
Chi b over MM culture (Fig. 17). Optimal concentration of ZnSO4 (0.06 mM) and 
CuSO4 (0.02 mM), where maximum number of shoot multiplication and a 
significant increase in proline content was found, exhibited a slight reduction (non-
significant) in Chi a and b pigments over MM cultures (Fig. 15, 16). 
At the same time, carotenoid content increased in a significant amount at 0.06 mM 
level of ZnSO4, 0.02 mM level of CuSO4 and 0.001 mM level of CdCl2 over MM 
cultures. While higher than optimal levels of ZnSO4 (above 0.06 mM), CuSO4 
(above 0.02 mM) and CdC12 (above 0.001 mM) exhibited a non-significant increase 
in carotenoid content over MM cultures (Fig. 18). 
119 
Chapter 4 I Results 
a 	 - Chia nb 
b 	c 	 C lit b 
3.5 
3.0 
2.5 
2.0 
15 
1.0 
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Fig. 15: Effect of different concentrations of ZnSO4 (mM) on Chlorophyll a and b 
content of A. lebbeck regenerants grown on MM [MS + BA (10.0 p,M) + 
NAA (1.0 pM)] + ZuSO4 (0.06, 0.12, 0.24 and 038 mM singly). Bars 
represent the means f SE. Bars denoted by the alphabets are significantly 
different (P =0.05) using DMRT. [c in parenthesis denotes control (MM). 
While control is the concentration of ZnSO4 present in the Murashige and 
Skoog 1962 (MS) basal medium]. 
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4.0 
35 
3.0 
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12.0 
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1.0 
a 	ab 	a~ 	Chi a 
be c 
a 	b c 	d 
MM(c) 0.02 0.05 0.1 0.2 
CuSO4 (mM) 
Fig. 16: Effect of different concentrations of CuSO4 (mM) on Chlorophyll a and b 
content of A. lebbeck regenerants grown on MM [MS + BA (10.0 p.M) + 
NAA (1.0 µM)] + CuSO4 (0.0001, 0.02, 0.05, 0.1 and 0.2 mM singly). Bars 
represent the means t SE. Bars denoted by the alphabets are significantly 
different (P =0.05) using DMRT. [c in parenthesis denotes control (MM). 
While control is the concentration of CuSO4 present is the Murashige and 
Skoog 1962 (MS) basal medium]. 
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Fig. 17: Effect of different concentrations of CdClz (mm) on Chlorophyll a and b 
content of A. lebbeck regenerants grown on MM [MS + BA (10.0 pM) + 
NAA (1.0 pM)] + CdC12 (0.00, 0.001, 0.003, 0.005 and 0.01 mM singly). Bars 
represent the means ± SE. Bars denoted by the alphabets are significantly 
different (P =0.05) using DMRT. [c in parenthesis denotes control (MM). 
While control is the concentration of CdCl2  (0.00) present in the Murashige and 
Skoog 1962 (MS) basal medium]. 
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Fig. 18: Effect of different concentrations of ZnSO4, CuSO4 and CdC12 (mM) on 
carotenoid content (mg g4  FW) of A. lebbeck regenerants grown on MM 
lMS + BA (10.0 µM) + NAA (1.0 µM)] supplied with different levels of 
ZnSO4 (0.03-0.48 mM), CuSO4 (0.0001-0.2 mM) and CdC12 (0.00-0.01 mM)-
Bars represent the means f SE. Ban denoted by the alphabets are 
significantly different (P =0.05) using DMRT. [c in parenthesis denotes 
control (MM). While control is the concentration of ZnSO4, CuSO4 and CdCl2 
present in the Murashige and Skoog 1962 (MS) basal medium]. 
4.1.10. Synthetic seeds 
4.1.10.1. Effect of alginate concentration on bead formation 
For the successful propagation of plants through encapsulation technology, 
concentration of sodium alginate and calcium chloride which affects the gel matrix 
and capsule quality is one of the crucial aspects to be optimized. Therefore, 
different concentrations of encapsulation material (gel matrix) sodium alginate and 
complexing agent CaC12 solution were tested for the successful conversion of 
encapsulated nodal explants into plantlets (Table 40, 41). The presence of 3.0 % 
(w/v) sodium alginate and 100 mM calcium chloride was found to be the best 
composition for gel complexation which produced firm, clear, and isodiametric 
beads (Fig. 20 A). Lower concentrations of sodium alginate (1-2 %) not only 
prolonged the polymerization duration, but also resulted in fragile beads which 
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burst during handling. On the other hand at higher concentrations of sodium 
alginate (4-6 %), beads were too hard causing substantial delay in shoot emergence 
(Table 40, 41). 
Table 40: Effect of different sodium alginate concentrations on conversion of 
encapsulated nodal segments after 10 weeks of culture on MS 
medium. 
Sodium alginate (% w/v) 	% conversion response into plantlets 
1.0 	 Fragile beads 
2.0 34 
3.0 43 
4.0 30 	 - 
5.0 15 
6.0 00 
Table 41: Effect of optimal sodium alginate concentration (3.0 %) with 
different concentration of CaCl2 on conversion of encapsulated 
nodal segments after 10 weeks of culture on MS medium. 
Sodium alginate 	Calcium chloride (mM) 	% conversion response 
(% w/v) into plantlets 
	
3.0 	 50 	 Fragile beads 
3.0 100 43 
3.0 	150 	30 
3.0 ~00 10 
4.1.10.2. Plantlets regeneration 
In vitro response of the encaj 
concentration of BA, Kn and 2-: 
singly, is summarized in Fig. 
emerged from the encapsulated 
2-3 weeks with different conve 
om alginate-encapsulated beads 
ilated nodal segments inoculated in different 
(7.5 and 10.0 µM) with NAA (0.5 and 1.0 µM) 
. In all the six different media tested, shoots 
dal segment by breaking the capsule wall within 
on frequency. MS medium supplemented with 
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(10.0 µM) BA and (1.0 µM) NAA gave the maximum frequency of conversion (70 
%) of encapsulated nodal explants into planticts with maximum number of shoots 
(7.33 + 0.33) production per synseed after 10 weeks of culture (Fig. 19, 20B). 
Furthermore, encapsulated nodal segments cultured on MS medium supplied with 
Kn (10.0 µM) + NAA (1.0 pM) and 2-iP (10.0 pM) + NAA (1.0 µM) regimes 
showed comparatively (than to BA + NAA combinations) reduced number of 
shoots production per synsced after 10 weeks of culture. Therefore, among all the 
tested PGR combinations, Kn + NAA regimes were proved second best followed 
by 2-iP + NAA regimes for the conversion (germination) of encapsulated sodium-
alginate beads (Fig. 19). 
10 70 
Mean no. of shoots/ synseed 
$^ - 	% Conversion response a 60 
9 ~ 
50 0 
36 40 
ab  4 he 30 
V 
cd 20 1 °. 2 d 
•to 
0 0 
BA (75 pM) 6A (IOD PDa 	Ka(73 µM) 	1i (10.0 PA) 	LIP (75 uM) 	2S(I0.Dpbq 
+NAA (05 pM) +NM (1D pM) +NAA (D! pb1) +NM (tDyha +NAA (QS pM) +NAA (Ii) sM) 
Plant Growth Regulators (pM) 
Fig. 19: Effect of different treatments on in vitro conversion of sodium-alginate 
encapsulated nodal cuttings of A. lebbeck, after 10 weeks of culture. Bars 
represent the means t SE. Bars denoted by the alphabets are significantly 
different (P 0.05) using DMRT. 
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Fig. 20: (A) Sodium alginate beads formed by the encapsulation of nodal 
segments using 3 % sodium alginate and 100 mM CaCl2. 2H20. (B) Sprouted 
beads showing germination on MS medium containing BA (10.0 µM) and 
NAA (1.0 µM) after 10 weeks of incubation. 
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4.1.10.3. Low temperature storage 
Encapsulated and non-encapsulated nodal segments were tested for their 
conversion into plantlets after each cold storage period (0, 2, 4, 6, 8 and 10 weeks) 
at 4° C. Cold storage of sodium-alginate beads at 4° C resulted in shoot 
proliferation (within 10 weeks), if the beads were transferred to the conversion 
medium (MS + 10.0 pM BA + 1.0 µM NAA). Nat-alginate beads did not show any 
significant loss of shoots production even upto 8 weeks of storage at 4 °C. At 8 
weeks of cold storage, 68 % conversion response of synseeds with maximum 6.33 
± 0.80 shoots was found, after 10 weeks of culture onto the conversion medium. 
While longer exposure beyond 8 weeks significantly decreased the conversion 
frequency, was 43 % at 10'" week of storage (Fig. 21). The cold stored non-
encapsulated nodal segments exhibited a significant decrease in conversion 
frequency with the increase in cold storage period (from 0-10o week) after 10 
weeks of culture (Fig. 22). 
Fig. 21: Effect of cold storage (at 4° C) on in vitro conversion from alginate 
encapsulated nodal cuttings of A. /ebbeck on MS + BA (10.0 pM) + NAA 
(1.0 pM) after 10 weeks of culture. Bars represent the means ± SE. Bars 
denoted by the alphabets are significantly different (P x.05) using DMRT. 
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Fig. 22: Effect of cold storage (at 4° C) on in vitro conversion from non-encapsulated 
nodal cuttings alit lebbeck on MS + BA (10.0 pM) + NAA (1.0 pM) after 10 
weeks of culture. Bars represent the means ± SE. Bars denoted by the 
alphabets are significantly different (P 0.05) using DMRT. 
4.2. Rooting of microshoots 
4.2.1. In vitro rooting of shoots 
Morphologically normal looking shoots (4-5 cm) were excised from the shoot 
clumps and transferred to full and half strength MS basal medium for adventitious 
rooting. The varied morphological responses along with variation in root number 
and length were observed with respect to the strength of MS medium and different 
auxins. Growth regulator free half strength MS medium was found superior to full 
strength for root formation from the base of the shoots. For better rhizogenesis, half 
strength MS medium supplemented with different concentrations (0.5, 1.0, 1.5, 2.0 
and 2.5 µ1v1) of various auxins (IBA, NAA and ]AA) were tested. 
The best rooting response (66 %) was achieved in half strength MS medium 
fortified with 2.0 µM IBA, where the maximum number of roots (5.20±0.83) per 
shootlet and root length (4.40 f 0.67 cm) were obtained after 4 weeks of culture 
(Table 42; Fig. 23A, B). Hence, most desirable root induction was achieved in IBA 
60 
50 
40 
3D 
20è 
10 
0 
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supplemented medium, while the roots induced on NAA supplemented medium 
were short and less in number. Besides, very thin and delicate root development 
was witnessed on IAA containing medium. Among all the concentrations of NAA 
and IAA tested, 2.0 µM produced an average of 4.00 t 1.22 and 2.33 1 0.32 roots 
per shootlet with the maximum rooting response of 54 % and 32 % respectively, 
after 4 weeks of culture (Table 42; Fig. 23C, D). 
Moreover, lower and higher concentrations of all the auxins (IBA, NAA and IAA) 
tested than to the optimal level (2.0 µM) showed a significant reduction in rooting 
response and root number production per shootlet (Table 42). 
Table 42: Effect of MS strength and auxins concentrations on rooting of in 
vitro raised microshoots after four weeks of culture. 
Treatments (pM) % Response Mean no. of Mean root 
roots/shoot length (cm) 
MS 8 1.80+0.58 1.54±0.43 
%z MS 11 2.60± 1.14g 2.10+0.33ergh 
%z MS+ IBA (0.5liM) 30 3.60+0.83d` 280+066 d`` 
%z  MS+ IBA (1.0jM) 44 3.80±1.51cd 3.60±0.50b 
:MS+IBA(1.5µM) 54 4.40+0.89°  3.74+0.16' 
%z MS + IBA (2.0 µM) 66 5.20 t 0.83' 4.40 ± 0.673 
h MS + IBA (2.5 µM) 62 4.20 + 0.83b` 3.00 + 0.54" d` 
/z MS+ NAA (0.5µM) 32 2.80±0.83 8 2.00±0.35fgh 
'/z MS +NAA (1.0 pM) 36 3.20 t 0.83ef  2.10± 0.33efgh 
/z MS +NAA (1.5 µM) 41 3.60 ±0.08 2.60±0.50d t` 
1/2 MS + NAA (2.0 µM) 54 4.00 ± 1.22bc°  3.40 f 0.28h` 
%a MS + NAA (2.5 µM) 50 3.60 ± 0.89de 2.20 ± 0.48e g` 
'h MS + IAA (0.51iM) 00 0.001 0.0a 0.001 0.00' 
/z MS + IAA (1.0 µM) 15 1.33 ± 0.21' 1.33 f 0.33h' 
%z MS + IAA (1.5 µM) 22 1.66 f 0.23h 1.66 ± 0.668E 
%z MS + IAA (2.0 µM) 32 2.33 ± 0.328 2.33 ± 0.33"`'8 
%z MS+ IAA (2.5µM) 05 0.66±0.34' 1.00±0.57' 
Values represent means + SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
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Fig. 23: In vitro rooted shoots cultured on (A, B) '/~ MS + IBA (2.0 
µM) (C) '/2 MS + NAA (2.0 µM) (D) '/ MS + IAA (2.0 µM) after 4 
weeks of incubation. 
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4.2.1.1. Effect of Zn, Cu and Cd on in vitro rooting of microshoots 
Root initiation took place in metal raised microshoots within 2 weeks of incubation 
in all the treatments. Though half strength MS medium containing [BA (2.0 pM) 
singly induced fair number of roots after 4 weeks of culture but the frequency of 
root induction was markedly enhanced by augmenting the medium with heavy 
metal salts (Table 43). Among all the concentrations of various metals tested, 
ZnSO4 (0.06 mM) with IBA (2.0 µM) in half-strength MS medium exhibited 
highest number of roots (6.00 ± 0.11) production per shootlet with maximum root 
length (4.60 ± 0.11 cm) (Fig. 24A). While CuSO4 at 0.02 mM level was found 
second best with %z MS — IBA (2.0 pM) producing an average of 5.50 t 0.28 roots 
per shootlet after 4 weeks of culture (Fig. 24B). Whereas all the levels of CdCl, 
tested were found less efficient for in vitro rooting response of microshoots (Table 
43). 
Rise in metal concentrations more than optimal levels (above 0.06 mM of ZnSO4 
and 0.02 mM of CuSO4) showed a significant reduction in root induction response 
(Table 43). Fast growing thick roots were observed on rooting medium containing 
various levels of ZnSO4 and CuSO4, while CdCl2 supplemented medium-induced 
thin delicate roots. 
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Table 43: Effect of half-strength NIS medium containing IBA (2.0 µMI) and 
different concentrations of heavy metals on rooting of in vitro raised 
microshoots after four weeks of culture. [e in parenthesis denotes 
control treatment (lacking additional supply of Zn, Cu and Cd in rooting 
medium)]. 
Treatments '% Response \lean no. of 
roots/shoot 
Mean root 
length (cm) 
'/z MS - IBA (2.0 tM)(c) 68 3.67 ± 0.83c 4.40 }_ 0.05" 
i//MS- ZnSO4 (0.06mM) 70 6.00 	0.11' 4.60±0.1Ia 
'/2 MS 	ZnSO4 (0.12 mM) 65 5.00 ± 0.13b 4.20 ± 0.11abc 
'/i MS 	ZnSO4 (0.24 mM) 60 3.33 10.34` 3.80 ± 0.17 d` 
%2 MS - ZnSO4 (0.48 mM) 52 3.00 t 0.12"d 3.50 t 0.11 x``  
'/2 MS 	CuSO4 (0.02 mM) 69 5.50 f 0.28ab 4.50 	0.28ab 
Vi MS 	CuSO4 (0.05 mM) 63 5.00 t. 0.57b 4.00 - 	0.1 lb"' 
'/2 MS 	CuSO4 (0.10 mM) 55 3.34 t 0.33c 3.20 ± 0.11` 
%2 MS+  CuSO4 (0.20mM) 51 2.80t0.17 d` 3.00±0.1le 
'/2 MS 	CdCI, (0.001 mM) 50 2.33 f 0.34de 2.00 ± 0.23' 
'/2 MS 	CdCI, (0.003 mM) 41 1.67 + 0.33 l` 1.30 + 0.151 
`/2 MS - CdCI, (0.005 mM) 40 1.20 ± 0.11 ± 1.00 t 0.05fg 
'/z MS 	CdCl2 (00.01 mM) 37 0.901 O.O5~- 0.601 U. 3O 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
4.2.2. E.v vitro rooting 
Shoots produced in vitro were excised and treated with different concentrations (50, 
100, 150, 200, 250 and 300 µM) of auxins namely IBA and NAA for ex vitro root 
induction by method as described in materials and methods section. Of the two. 
IBA treatment was found to be the most effective. ANOVA revealed a significant 
increase in the frequency of rooted microshoots, number of roots per shoot and root 
length upto an optimal level of IBA. Among the different concentrations of IBA 
tested, the best ex vitro rooting response (82 %) was obtained when the shootlets 
were treated with 250 µN1 113A for 30 min. At this optimal level (250 .tM) of IBA 
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Fig. 24: In vitro rooted shoots cultured on (A) '/2 MS + IBA (2.0 µM) + 
ZnSO4 (0.06 mM) (B) '/2 MS + IBA (2.0 µM) + CuSO4 (0.02 mM) after 4 
weeks of incubation 
(C) Ex vitro rooted plantlet following pulse treatment with 250 µM IBA 
after 4 weeks of transfer. 
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highest number of roots (21.60 ± 0.43) per shootlet with longest root length of 4.03 
1 0.03 can was observed after 4 weeks of transplantation to potting mixture soilrite 
(Table 44; Fig. 24C). While the different concentrations of NAA tested, were found 
non-responsive for ex vitro root regeneration (Data not shown). Higher 
concentration (300 µM) of auxin (IBA) or longer duration (more than 30 min) of 
exposure induced undesirable callus formation at the base of the shoots and 
produced thin and weak roots (Data not shown). 
Table 44: Effect of different concentrations of IBA (pulse treatment) on ex 
vitro rooting of microshoots after 4 weeks of transplantation to 
soilrite. 
IBA (gM) 	% Response 	Mean no. of 	Mean root 
roots/shoot 	length (cm) 
50 	 39 	5.67 t 0.23 	1.84± 0.036  
100 	 48 	9.68 t 0.13` 	2.49 t 0.05d 
150 	 53 	14.40 t 0.21d 	3.18 ± 0.046  
200 	 70 	17.00 t 0.286 	3.58 ± 0.056 
250 	 82 	21.60 f 0.43a 	4.03 + 0.03°  
300 	 72 	15.60 f 0.11 ` 	3.30 ± 0.05` 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P =0.05) using DMRT. 
4.3. Atomic Absorption study 
AAS evaluation of in vitro raised plantlets (on metal supplemented medium), 
rooted in metal fortified medium [1/2 MS + 2.0 gM IBA + ZnSO4 (0.03 mM and 
0.06 mM)/or CuSO4 (0.0001 mM and 0.02 mM)/or CdC12 (0.001 mM)] was 
performed after 6 weeks of in vitro rooting. During the study AAS analysis showed 
a significant accumulation of Zn, Cu and Cd. The accumulation of Zn was higher 
(61.30 ± 2.33 mg kg' DW) than Cu (29.01 1.15 mg kg' DW) and Cd (19.01 1.15 
mg kg' DW) in the plantlets (Fig. 25A, B). The results indicate that the plantlets 
efficiently accumulated metals and maximum accumulation was found for Zn, 
which was about 9.5 times higher (plantlets rooted at 0.06 mM ZnSO4) than the 
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plantlets rooted on simple rooting medium (V2 MS + 2.0 µM IBA) without 
additional metal concentration (Fig. 25A, B). Further an increase in the 
concentrations of all tested metals (above 0.06 mM of ZnSO4, 0.02 mM of CuSO4 
and 0.001 mM of CdC12) in rooting medium (%s NIS + 2.0 pM IBA) caused 
reduction in percent root induction (Table 43) as well as in metal accumulation 
(Data not shown). The evidence of the tolerance to different heavy metals suggests 
that the rate of tolerance and accumulation in cultures was in order of Zn>Cu>Cd. 
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Fig. 25A: Heavy metal accumulation (mg kg' OW) in plantlets rooted on '/2 MS +2.0 
µM A. Bars represent the means f SE. Bars denoted by the alphabets are 
significantly different (P =0.05) using DMRT. [c in parenthesis denotes 
control treatment. While control is the concentration of ZnSO4 and CuSO4 
present in the Murashige and Skoog 1962 (MS) basal medium]. 
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Fig. 25B: Heavy metal accumulation (mg kg' DW) in plantlets rooted on' % MS + 2.0 
pM IBA additionally supplied with ZnSO4 (0.06 MM), CuSO4 (0.02 mM) 
and CdCl2.(0.001mM). Bars represent the means + SE. Bars denoted by 
the alphabets are significantly different (P =0.05) using DMRT. 
4.4. Acclimatization 
In vitro and ex vitro rooted plantlets with 4-5 fully expanded leaves and well 
developed roots were successfully hardened off inside the culture room as 
mentioned in the "Material and Methods" section and planted to plastic pots 
containing sterile soilrite, garden soil and vermiculite. The survival percentage of 
,plants under ex vitro conditions was affected by the planting substrates used. 
Among the various hardening substrates used for the acclimatization of plantlets, 
77 % of the plantlets survived in soilrite (Fig 27 A), whereas 60 % and 50 % 
plantlets survived in garden soil and vermiculite, respectively after 4 weeks of 
transplantation (Fig. 26). The primary hardened plants on soilrite when transferred 
to garden soil + soilrite mixture (1:1) showed survival rate of about 80 % after 6 
weeks of transplantation (Fig. 27B). While about 90 % plants survived well 
following transfer from soilrite + garden soil (1:1) to the garden soil in greenhouse 
conditions (Fig. 28). The plants grew well and did not show any variation in 
morphology and growth characteristics when compared with mother plant. 
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Fig. 26: Influence of different potting substrates for hardening of in vitro raised 
plantlets of A. lebbeck after 4 weeks of transfer. Values represent means f 
standard error of five randomly selected readings of 20 replicates per 
treatment in three repeated experiments. Bars denoted by the alphabets are 
significantly different (P =0.05) using DMRT. 
4.4.1. Estimation of physiological parameters during acclimatization 
4.4.1.1 Photosynthetic pigments 
The change in chlorophyll (a and b) and carotenoid content was estimated during 
the ex vitro acclimatization period (0-70 days) of micropropagated plantlets. In 
vitro raised plantlets exhibited a considerable increase in chlorophyll (a and b) and 
carotenoid content throughout the acclimatization in soilrite (from 0-28 days) 
followed by soilrite + garden soil (from 28-70 days). However, there was a 
reduction of 14.2 % and 36.3 % in Chi a and b pigments respectively after 14 days 
of transfer in soilrite as compared to day 0 plants but on subsequent days, the new 
leaves appeared and resulted in a significant increase of 67 % and 118 % in both 
Chi a and b contents respectively at day 28 (Fig. 30). Again a significant decrease 
in photosynthetic pigments was observed after 28 days with the change in potting 
substrate [garden soil + soilrite mixture (1:1)]. But thereafter a significant increase 
(beyond day 35) in Chi a and b pigments was observed upto the day 63 and 
subsequently get stabilized at day 70 of the acclimatization. 
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Fig. 27: (A) Acclimatized plantlets in sterile soilrite after 4 weeks. 
(B) Acclimatized plantlets in sterile soilrite + garden soil (1:1) 
after 10 weeks. 
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Fig. 28: Four month old plants acclimatized in soil under field conditions. 
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Fig. 29: (A) Longitudinal section of nodal explant showing axillary bud 
induction. (B) Shoot buds showing cyto-histological zones with well 
developed apical dome and leaf promordia. 
(C, D) Histological section showing the direct induction of adventitious 
shoot buds (SB) in hypocotyl explants. 
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Correspondingly, with the increase in number of days of acclimatization (0-70 
days). the carotenoid content was found to increase (62.8 %) upto the 63 days of 
transfer as compared to 0 days plants and get stabilized beyond 63 days as no 
further significant increase (2.85 %) was found from day 63 to day 70 (Fig. 30). 
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Fig. 30: Changes in the levels of photosynthetic pigments (Chi a and b) and 
carotenoid content in the micropropagated plantlets acclimatized in 
soilrite (from 0-28 days) followed by garden soil + soilrite (1:1) transfer 
(from 28-70 days). Bars represent the means ± SE. Bars denoted by the 
alphabets are significantly different (IP =0.05) using DMR'T. 
4.4.1.2. Net photosynthetic rate (P.) 
During acclimatization of in vitro raised plantlets. net CO, gas exchange rate was 
measured after 7. 14. 21. 28. 35. 42. 49. 56. 63 and 70 days of transplantation in 
soilrite (0-28 days) and garden soil 	soilrite (1:1) (28-70 days). The net 
photosynthetic rate was found to decrease (26.6 %) during the first 2 weeks. While 
after 2 weeks. IN rate started to increase (30.2 %) upto 28 days. Transfer of the 
plants in changed substrate [garden soil ± soilrite mixture (1:1)] after 28 days, 
again resulted in a significant decrease (09 %) in net photosynthetic rate at day 35 
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compared to day 28. followed by steady increase (45 %) in the subsequent days 
(upto 70 days). There was a non-significant increase in net-photosynthetic rate at 
day 56. 63 and 70 hence become almost stable after 49 days of acclimatization (Fig. 
31). 
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Fig. 31: Change in net photosynthetic rate (µmot CO2 m' s-`) of micropropagated 
plantlets acclimatized in soilrite (from 0-28 days) followed by garden soil + 
soilrite (1:1) transfer (from 28-70 days). Bars represent the means ± SE. 
Bars denoted by the alphabets are significantly different (P =0.05) using 
DMRT. 
4.4.2. Estimation of biochemical parameters during acclimatization 
4.4.2.1. MDA and H2O2 content 
A time dependent variation in the lipid peroxidation and 11202 content was found in 
the plantlets during the acclimatization period (0-70 days). An increased MDA and 
1120, content (3 % and 2 °ro) was observed in the plantlets in early days of 
acclimatization (day 14). However, after 14 days. a decreasing trend was observed 
upto the 70 x`' day of acclimatization (Fig. 32). however, a significant increase in 
MI)A content (2.0 %) and a non-significant (1.0 %) increase in H2O2 content was 
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observed at day 35 (as compared to day 28 plants) during the transfer of plants to 
changed substrate [garden soil - soilrite (1:1)1. Consequently. 23.1 % decrease in 
MDA content and 30.3 % decrease in 1I,O, content was observed at day 70, as 
compared to day 0 plants (Fig. 32) 
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Fig. 32: Changes in the levels of MDA and H202 content in micropropagated 
plantlets acclimatized in soilrite (from 0-28 days) followed by garden soil + 
soilrite (1:1) transfer (from 28-70 days). Bars represent the means ± SE. 
Bars denoted by the alphabets are significantly different (P =0.05) using 
DM RT. 
4.4.2.2. Antioxidant enzymes 
For successful ex vitro establishment. sufficient content of antioxidative enzymes 
are very important to neutralize the damaging effects of ROS produced during 
acclimatization. Changes in antioxidant enzymes viz.. SOU, CAI. (iR and APX 
activity were observed throughout the acclimatization period (0-70 days). Plantlets 
acclimatized in soilrite followed by garden soil + soilrite (1:1) exhibited a 
significant increase in SOD. CAT. (iR and APX activity reaching a maximum on 
day 63 and thereafter got stabilized at subsequent days as there was no significant 
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increase at day 70 in SOD. CAT and APX. Whereas a significant increase in GR 
was found upto the 70`'' day of acclimatization. "Therefore, during acclimatization 
period plantlets exhibited an increasing trend in all the tested antioxidative enzymes 
(SOD. CAT. APX and GR) content up to the 70 h` day of acclimatization under 
culture room conditions (Fig. 33, 34. 35. 36). 
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Fig. 33: Changes in the levels of SOD content (Unit mg' protein) in 
micropropagated plantlets acclimatized in soilrite (from 0-28 days) 
followed by garden soil + soilrite (1:1) transfer (from 28-70 days). Bars 
represent the means ± SE. Bars denoted by the alphabets are 
significantly different (P =0.05) using DMRT. 
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Fig. 34: Changes in the levels of CAT content (mmol min-' mg' protein) in 
micropropagated plantlets acclimatized in soilrite (from 0-28 days) 
followed by garden soil + soilrite (1:1) transfer (from 28-70 days). Bars 
represent the means ± SE. Bars denoted by the alphabets are significantly 
different (P =0.05) using DMRT. 
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Fig. 35: Changes in the levels of APX content (mmol min- ' mg 1 protein) in 
micropropagated plantlets acclimatized in soilrite (from 0-28 days) 
followed by garden soil + soilrite (1:1) transfer (from 28-70 days). Bars 
represent the means ± SE. Bars denoted by the alphabets are significantly 
different (P 0.05) using UMRT. 
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Fig. 36: Changes in the levels of CAT content (mmol min-I mg 1 protein) in 
micropropagated plantlets acclimatized in soilrite (from 0-28 days) 
followed by garden soil + soilrite (1:1) transfer (from 28-70 days). Bars 
represent the means ± SE. Bars denoted by the alphabets are significantly 
different (P =0.05) using DMRT. 
4.4.3. Clonal fidelity in TC-raised plantlets derived from mature nodal 
explants 
The most important dilemma encountered during plant in vitro propagation is the 
presence of somaclonal variation among the micropropagated plants. However. 
true-to-type clonal fidelity is one of the most important prerequisites in the 
micropropagation of any tree species. In the present study ISSR analysis was used 
to evaluate the genetic stability of' the TC-raised plants (from mature nodal 
segments) of A. lebbeck acclimatized under ex vitro conditions. ISSR patterns of 
ten randomly selected plants (in vitro raised) were compared with those of the 
mother plant. Thirteen ISSR primers were screened, which all yielded clear. 
reproducible hands and were used for ISSR-PCR. The details of' amplification 
pattern generated by each primer have been presented in Table 45. A total of 87 
scorable bands generated with 13 U13C primers, out of these 87 bands, cent percent 
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showed monomorphic bands. The number of amplification products was primer 
dependent and ranged from 5 to 10, with an average of 6.69 bands per primer. 
Primer UBC-8I1 amplified maximum 10 monomorphic bands (Fig. 37A), while 
primer UBC-834 and UBC-825 produced 09 bands (Fig. 37B, C) followed by 
UBC-868 (Fig. 37D) and UBC-841 producing ()8 hands (Table 45). Minimum 
number of bands (02) was produced by primer UBC-801. 
Since ISSR profiles in sampled plants are similar, high degree of clonal uniformity 
among regenerants of A. lebbeck can be presumed. Thus, in vitro raised plants of A. 
lebbeck evolved by adopting clonal propagation method were true-to-type even 
after prolonged ex vitro acclimatization and could be due to regeneration of the 
plants from pre-existing meristems without any intermittent callus phase. 
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Table 45: Response of different UBC primers on detection of clonal stability in 
mieropropagated plants of .-1. lebbeck. 
S. No. Name of Primer sequences Number of 
the primer (5'-3') monomorphic 
bands 
1 UBC 801 (AT)\T 02 
2 UBC-811 (GA)C 10 
3 UBC-825 (AC),T 09 
4 UI3C-827 (AC),(_; 06 
5 UBC-834 (AG),Y I' 09 
6 UBC-841 (GA)MYC 08 
7 UBC-855 (AC)YT 07 
8 UBC-866 (CTC)O 07 
9 UBC-868 (GAA)6 08 
10 UBC-880 (GGGGT),G 05 
11 UBC-889 DBDA(CA)(,C 06 
12 UBC-891 HVHT(G"I')6G 05 
13 UBC-900 ACTTCCCCACAGGTTAACAC 05 
Total number of bands produced = 	87 
Where. 
Y=(C.T), B=(C,G,T) (i.e., not A). D=(A,G.T) (i.e., not C), H=(A,C,T) (i.e., not G) 
V=(A.C.G) (i.e.. not T) 
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Fig. 37: (A) A profile of polymerase chain reaction (PCR) 
amplification products from lane 1-10 micropropagated plants 
using Inter sequence repeat (ISSR) primer UBC-811 . 
(B) A profile of polymerase chain reaction (PCR) amplification 
products from lane 1-10 micropropagated plants using Inter 
sequence repeat (ISSR) primer UBC-834. 
M= Marker (ADNA/ EcoR 1 + HindlIl indicated in bp), 
P= Donor plant, 
Lane 1-10= Micropropagated plants 
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Fig. 37: (C) A profile of polymerase chain reaction (PCR) 
amplification products from lane 1-10 micropropagated plants using 
Inter sequence repeat (ISSR) primer UBC-825. 
(D) A profile of polymerase chain reaction (PCR) amplification 
products from lane 1-10 micropropagated plants using Inter sequence 
repeat (ISSR) primer UBC-868. 
M= Marker iDNA/ EcoR 1 + Hindlll indicated in bp), 
P= Donor plant, 
Lane 1-10= Micropropagated plants 
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5. DISCUSSION 
Germplasm conservation worldwide is increasingly becoming an essential activity 
due to the high rate of disappearance of plant species and the increased need for 
safeguarding the floristic patrimony of the countries. Tissue culture protocols can 
be used for preservation of vegetative tissues when the targets for conservation are 
clones instead of seeds, to keep the genetic background of a plant species and to 
avoid the loss of the conserved patrimony. The plant species which have 
`recalcitrant' seeds (legumes) that cannot be stored for long period of time can 
successfully be preserved via in vitro techniques for the maintenance of gene banks 
(Hussain at al. 2012). 
Amid various plant groups, trees are an imperative part of biodiversity. The 
economical, ecological and medicinal importance of leguminous forest trees 
necessitates the application of plant tissue culture techniques for their mass 
propagation. During the past few years, a number of woody legumes have been 
successfully propagated in vitro using juvenile as well as mature plant parts via 
different organogenic methods (axillary and adventitious) (Yadav at al. 2012, 
Parveen et al. 2010). However, the degree of response depends upon the species 
and number of other extrinsic factors. 
The present exploration aimed to develop an efficient and reproducible method for 
rapid in vitro multiplication, ex vitro establishment and genetic stability analysis of 
iaicropropagated A. lebbeck plantlets. The discussion in the present section is 
shedding light on the results (section 4) obtained during the studies. 
5.1. Seed germination 
Seed germination is the most initial indicator of in vitro response of a plant 
genotype. In the present findings, the rate of seed germination (80 %) of A. lebbeck 
was found maximum on full strength MS medium, while reduced strength viz., 
MS, '% MS and '/< MS produced significantly less germination frequency (55 %, 25 
% and 10 % respectively) after 15 days of incubation. Hence, the best seed 
germination results were obtained in the media with the highest concentration of 
mineral salts (full strength MS medium). The results are in confonnity with the 
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findings of Sinha and Mallick (1993) in Albizia falcataria and Nunes et al. (2003) 
in Cedrelafissilis. 
5.2. Direct plant regeneration 
5.2.1. Explant type 
For the establishment of an efficient micropropagation protocol, standardization of 
in vitro responses with respect to the type of explant, plant growth regulators, their 
concentrations, combinations and interaction with the explant etc., are extremely 
crucial steps. In the current investigation, in vitro organogenic methods were 
utilized for shoot morphogenesis in Albizia lebbeck by using different seedling 
derived explants (node, cotyledonary node, cotyledons, hypocotyls, root and intact 
seedlings) and mature tree derived nodal segments. 
Seedling derived explants being juvenile are frequently used for in vitro 
organogenesis, as they are easy to establish in culture and have higher organogenic 
competence. In addition, juvenile tissues can serve as a model system for 
standardization of protocol with mature tissues and provide a better understanding 
on the requirement of the plant for its growth and maturity (Pierik 1987). In vitro 
protocols by means of seedling explants have been employed for rapid propagation 
and manipulation of several woody legumes, such as Acacia man gium (Monteuuis 
2004), Pterocarpus marsupium (Anis et al. 2005, Husain et al. 2008), Bauhinia 
tomentosa (Naz et al. 2011) and Acacia ehrenbergiana (Javed et al. 2013) etc. In 
the same way, a number of forage legume species have also been propagated using 
mature plant parts as an alternative means for large scale propagation and 
conservation (Ralunan et al. 1993, Khalafalla and Hattori 1999, Nanda et al. 2004). 
The type of explant tissue has a critical impact on the in vitro regeneration as 
different tissues may have different levels of endogenous hormones. In the current 
exploration, a difference in the shoot regeneration efficiency was noticed among 
the various explants studied. Among the different explants tested (CN, nodal, root, 
cotyledon, hypocotyl and intact seedlings), hypocotyl explants derived from aseptic 
seedlings were found to be the best somatic tissue for attaining the maximum shoot 
induction. Similar response of hypocotyl explants of woody trees reported to be the 
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effective in plant regeneration have been found in number of plant species viz., 
Psidium guajava (Singh et al. 2002), Annona squamosa (Nagori and Purohit 2004), 
Euonymusjaponicus (Shang et al. 2006) and Vigna subterranea (Mongomake et al. 
2009). 
Apart from hypocotyls, cotyledon and root segments were also found capable 
explants for substantive adventitious shoot production. Corresponding findings, 
where the cotyledon and root explants were found competent for in vitro 
regeneration protocols have been reported in several leguminous tree species 
including Albizzia falcataria (Sinha and Mallick 1993), Sesbania grand(flora 
(Detrez et al. 1994), Dalbergia sissoo (Chand et al. 2002) and Cassia angustifolia 
(Parveen and Shahzad 2011) etc. My experiments with such explants concurs with 
those of Nayak et al. (2010) who earlier reported that micropropagation through 
juvenile explants lacking pre-existing meristems can be suitably subjected to 
growth regulator manipulations to result in de novo plant regeneration (via 
induction of localized adventitious bud formation) for high frequency plant 
production. 
Generally, nodal segments have been proved to be a significant explant source for 
large scale plant production under in vitro (Ahmad and Anis 2007, Khan et al. 
2011). In this study, aseptic nodal segments were proved to be the second most 
efficient explants for high frequency shoot proliferation. These observations are in 
agreement with the earlier findings in Syzygium cumin ii (Jain and Babbar 2003), 
Boswellia ovalifoliolata (Chandrasekhar et al. 2005), Pterocarpus santalinus 
(Rajeswari and Paliwal 2006), Stereospermum personatum (Shukla et al. 2008) and 
Bauhinia tomentosa (Naz et al. 2012). 
Furthermore, a good count of shoot regeneration response and shoot number was 
also obtained from the mature nodal segments proving that the nodal segments 
from both the juvenile and mature sources can be sustainably micropropagated for 
the tissue culture in A. Mb beck. However, the juvenile material displayed 
comparatively higher potential for axillary shoot induction and growth than the 
mature sources. This differential morphogenetic response could be due to the 
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differences in the physiological states of the buds from different sources (from 
aseptic seedling or mature tree) (Vieitez et al. 1993). These results corroborates 
with the other reports obtained in Morus australis (Pattnaik et al. 1996) and Acacia 
auriculifonnis (Ismail et al. 2012), where mature nodal segments also showed 
considerable response for in vitro axillary shoot proliferation and multiplication. In 
nature, mature axillary buds remain dormant for specific period depending on 
growth pattern of plants but with the application of exogenous PGRs under in vitro, 
these buds differentiates into shoots with a rapid rate of shoot multiplication 
overcoming apical dominance. Multiple shoot production from axillary buds 
obtained from mature trees is recognized as a good approach of micropropagation, 
ensures maximum genetic uniformity of the resulting plants (Hiregoudar et al. 
2006, Rout et al. 2008). 
5.2.2. Effect of plant growth regulators on different explants 
In vitro organogenesis depends on the application of exogenous phytohormones, 
particularly cytokiains and auxins and on the ability of the tissue to respond to 
these plant growth regulators during culture. According to Sugiyama (1999), the 
manipulatable nature of tissue culture can be exploited for the physiological 
dissection of organogenesis in vitro, The current endeavor carried out by using 
different explants of A. lebbeck showed that the percentage of the explants forming 
shoots and shoot numbers per explant were found to be influenced by the type of 
plant growth regulators used. Among the different cytokinins tested (BA, Kn, 2-iF 
and TDZ), BA was found to be the best with respect to the induction and 
subsequent proliferation of shoots. This observation is in accordance with the 
earlier reports on A. lebbeck, where BA was effective in the induction of maximum 
number of multiple shoots (Gharyal and Maheshwari 1990, Mamun et al. 2004, 
Perveen at al. 2011, 2012). Also, the effectiveness of BA on multiple shoot bud 
differentiation has been demonstrated in number of woody tree species like 
Pterocarpus marsupium (Husain et al. 2008), Salix tetrasperma (Khan et al. 2011) 
and Vita negundo (Ahmad and Anis 2011). 
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Apart from BA being the best, TDZ at lower levels (0.5 tM for aseptic explants 
and 1.0 µM for mature nodal explants) proved to be the second best growth 
regulator for maximum shoot morphogenesis. The results obtained here showed 
consistency with the other findings of Jahan and Anis (2009) in Cardiospermum 
halicacabum, Naz et al. (2012) in Bauhinia tomentosa, Ahmad et al. (2013) in 
Cyamopsis tetragonoloba and Perveen et al. (2013) in Abrns precatorius, where 
TDZ promoted in vitro shoot regeneration. According to Girl and Tamta (2011), 
TDZ showed high cytokinin activity in promoting growth of cytokinin-dependent 
cultures and stimulates conversion of cytokinins nucleotides to more biologically 
active nucleotides by stimulating accumulation of endogenous purine cytokinins. 
The multiple shoots induced on TDZ-containing medium failed to elongate after 4 
weeks of culture and were often fasciated in all the tested explants of A. lebbeck. 
The formation of stunted shoots on TDZ supplemented medium correlates with 
observations in other plant species (Siddique and Anis 2007, Varshney and Anis 
2012, Perveen et al. 2013). The inhibition of shoot elongation may have been due 
to the high cytokinin activity of TDZ and the presence of a phenyl group in TDZ 
may have caused fasciation (Huettman and Preece 1993). 
Furthermore, as compared to the BA and TDZ treatment, relatively lower shoot 
organogenesis was observed in a media supplemented with Kn. While 2-iP was 
least effective among the four cytokinins tested for the induction of multiple shoots. 
The use of various PGRs seemed to be the critical factor in stimulating in vitro 
shoot development in leguminous plant species such as Albizia chinensis (Sinha et 
al. 2000), Pterocarpus marsupium (Chand and Singh 2004), Albizia odoratissima 
(Rajeswari and Paliwal 2008) and Abrus precatorius (Perveen et al. 2013a). 
Generally, the concentration of cytokinins required for the proliferation of 
maximum percentage of shoots varied with the species and the tissue or organ 
(explant) cultured. A differential response of the various levels (0.5-12.5 AM) of 
the tested cytokinins (BA, Kn and 2-iP) was observed on the aseptic and mature 
explants. Aseptic seedling explants (node, cotyledonary node, hypocotyl, cotyledon 
and root) showed maximum shoots induction response at 7.5 AM level of BA, Kn 
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and 2-iP, whereas in mature nodal explants highest axillary shoots regeneration was 
observed at 10.0 gM level of all the tested cytokinins. These variable responses by 
different explant types (aseptic or mature) on the various levels of the similar 
cytokinins may be because of the differences in the endogenous level of plant 
growth hormone in various explant sources (Quoirin et al. 1998) 
The higher concentration of BA, Kn, 2-iP (above 10.0 µM) and TDZ (above 1.0 
µM) beyond their optimal level did not improve any growth parameter but rather 
suppressed them. The explanation might be attributed to the fact that the growth 
and morphogenesis in vitro are regulated by the interaction and balance between 
the hormone provided in the medium and those produced endogenously by an 
explanted tissue. Exposure of explants to higher cytokinin concentrations during 
induction phase may have led to the accumulation of them beyond the balanced 
level, which inhibited further shoot growth and elongation (Malik et al. 2005). 
The effect of combined treatments of cytokinins along with auxins (NAA, IBA and 
IAA) was also evaluated for their ability to affect the shoot induction and 
multiplication rate and to optimize the medium composition for maximum plantlet 
regeneration in all the explants tested. According to Vesely et al. (1994) during the 
different phases of cell cycle auxins affect DNA replication, whereas cytokinins 
exert control over the events leading to mitosis hence, auxin and cytokinins regime 
in cultures needs to be carefully balanced and controlled. 
It is reported that a good combination of cytokinins and auxin in the culture 
medium enhanced good shoot formation and plantlet regeneration from different 
explants. Mamun et al. (2004) obtained direct shoot bud regeneration from different 
explants (in vitro cotyledons, nodal segments and in vivo nodal segments) of A. 
lebbeck on MS medium supplemented with BA and NAA. Highest 7.3 shoots were 
produced on MS medium containing BA (2.5 mg/L) and NAA (0.2 mg/L) after six 
weeks of incubation. On the contrary, in the current study, highest 34.0 f 1.15 
shoots were induced from hypocotyl explants on MS medium containing BA (7.5 
µM) and NAA (0.5 µM) after eight weeks of culture. Therefore, among all the 
combinations tested, the combination of BA with NAA was found to be the best for 
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highest rate of shoot proliferation and multiplication from hypocotyl explants 
which is in accordance with the findings in other plant species, Artirrlinum majus 
(Cui et al. 2004) and Psoralea corylifolia (Baskaran and Jayabalan 2010, Tiwari and 
Pathak 2012). Likewise, Kantharajah et al. (1992) in Averrhoa carambola, Georges 
et al. (1993) in Lonicera japonica, Singh et al. (2002) in Dalbergia sissoo, 
Rajeshwari and Paliwal (2008) in Albizia odoratissim and Shahin-uz-zaman et at 
(2008) in Azadirachta indica, reported BA + NAA as best PGR combination for 
shoot proliferation and multiplication in cotyledon and root explants. 
Furthermore, the essentiality of NAA (0.5 RM) with BA (7.5 µM) for axillary 
culture establishment in aseptic node, cotyledonary node and mature nodal (7.5 µM 
BA + 1.0 µM NAA) explants corroborates with the findings of Nanda et al. (2004) 
in Acacia marzgium, Faisal et al. (2006a) in Mucunapruriens, Parveen et al. (2010) 
in Cassia siamea, Ahmad and Anis (2011) in Vitex negundo, Girijashankr (2011) in 
Acacia auriculiformis and Javed et al. (2013) in Acacia ehrenbergiana. 
Also, the shoot cultures raised in TDZ supplemented medium showed enhanced 
shoot induction and multiplication rate when transferred to a secondary medium 
containing BA + NAA. The efficiency of BA and NAA on TDZ-exposed cultures 
for increased shoot induction and elongation was also confirmed by Kim et al. 
(1997) in Liquidambar styraciflua, Ahmad and Anis (2007) in Vitex negundo, Khan 
and Anis (2012) in Salix tetrasperma and Ahmed and Anis (2012) in Vitex trifolia. 
Thus, the interactive effect of BA (at higher level) and NAA (at lower level) could 
ensure better in vitro regeneration, and their synergism in proper concentration was 
extremely favorable for direct shoot bud induction and multiplication in all the 
explants of A. lebbeck tested. The extensive role played by a low concentration of 
auxin in conjunction with high levels of cytokinins on shoot regeneration was 
documented by several workers (Mallikaguna and Rajendrudu 2007, Abmad and 
Anis 2007, 2011). 
Furthermore, among all the tested combinations of Kn with auxins (NAA, IBA and 
IAA), Kn (7.5 µM or 10.0 µM) + NAA (0.5 µM or 1.0 µM) combination showed 
promoting synergistic effect on shoot multiplication and proliferation (but was 
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comparatively less efficient than BA + NAA combinations in all the explants 
tested). Similar culture response on a medium containing Kn and NAA has been 
observed in Chlorophytum arundinaceum (Lattoo et al. 2006), however 
combination of IBA and IAA was also evident in shoot morphogenesis of Teucrium 
stocksianum (Bouchoucke and Ksiksi 2007). 
Nevertheless, the combinations of 2-iP with auxins were found comparatively less 
efficient (than BA-auxins and Kn-auxins regimes). An analogous finding have been 
reported by Naz et al. (2011) in Bauhinia tomentosa, where the combination of 
auxins (NAA or IBA or IAA) with the 2-iP were less responsive for in vitro shoot 
multiplication. Hence the effectiveness of different auxins for stimulating shoot 
proliferation, synergistically with cytokinins (BA, Kn and 2-iP) follows the order 
NAA>IBA>IAA in my study. 
5.2.3. Effect of different media, sucrose concentrations and pH levels 
The highest rate of micropropagation often depends not only on the selection of the 
most suitable explants, but also on the best basal medium for that tissue (Martin 
2004). Among all the basal media and their half strength (MS, %x MS, WPM, '/2 
WPM and B5, % B5) tested for their influence on adventitious shoot regeneration 
and multiplication from hypocotyl explants, full strength medium (MS, WPM and 
B5) supplemented with optimal concentration of plant growth regulators proved 
best as compared to half strength media. MS basal medium exhibited a high 
efficiency for shoot regeneration and multiplication followed by WPM and B5  
medium. The improved growth of cells and tissues on MS medium is undoubtedly 
due to increased ammonium and nitrate concentration than WPM and B5 medium. 
The findings are in agreement with earlier reports on many woody tree species 
including Lagerstromia parv[i fora, Pterocarpus marsuptum and Albizia lebbeck 
(Tiwari et al. 2002, Husain et al. 2008, Perveen et al. 2011), where MS medium 
proved best for highest shoot induction and multiplication. While contradictory 
observations were reported by Warakagoda and Subasinghe (2009) in Jatropa 
curcas and Khan and Anis (2012) in Salix tetraspertna, who found best in vitro 
morphogenic responses in WPM and Bs  medium. 
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Carbohydrate is commonly added into the plant tissue culture medium as an energy 
source and osmotic agent. Experiments were conducted to determine a suitable 
carbohydrate source for the production of vigorous plantlets in hypocotyl explants. 
Among different carbohydrate sources (sucrose, glucose and fructose) tested at 
various concentrations [2-5 % (w/v)], sucrose at 3 % (w/v), was found to be the 
optimum for in vitro multiplication and growth of shoots. These observations are in 
conformity with the findings of Gubis et al. (2005) in Lycopersicon esculentum, 
where the medium supplemented with 30 g/l sucrose produced healthier and more 
vigorous plantlets than those of other types and concentrations of carbohydrates. 
Usually, sucrose is the most commonly used carbohydrate source in in vitro plant 
culture studies (Javed and Ikram 2008). It acts as a molecule transporter and has 
high solubility in water and easily goes through plasma membrane for providing 
energy to the developing plantlets. However, at below and above 3 % (w/v) level of 
sucrose, decreased yield of shoot number and deprived growth with yellowing of 
leaves was noticed which is in agreement with the reports in Camptotheca 
acuminate (Wang et al. 2005) and Tecomella undulata (Varshney and Anis 2012). 
The pH of the culture medium is another important factor for promoting shoots in 
vitro as optimal pH level regulates the cytoplasmic activity affecting cell division. 
Amongst all pH levels (5.0, 5.4, 5.8, 6.2 and 6.6) tested, best performance in the 
development and multiplication of shoots from hypocotyl segment was found at pH 
5.8. Similar responses have been observed by Gautam et al. (1993) in Azadirachta 
indica and Faisal et al. (2006a) in Mucuna pruriens, where the proliferation and 
multiplication of shoots was significantly increased with an optimal pH of 5.8. 
5.3. In vitro shoot regeneration from seed explants 
The application of intact seedling method in the propagation of multipurpose plant 
species provides timely supply of plant materials. Several authors have reported the 
use of intact seedling method in several medicinally and economically important 
plant species for quick germplasry production and conservation (Arya et al. 1999, 
Hussain et al. 2008). The relevance of intact seedling method in A. lebbeck was of 
two-fold. Firstly, it can be used as a means of propagating many plants from just a 
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few seeds. Secondly, and more importantly, intact seedling method can be used to 
produce and propagate plants quickly, with characteristics not readily found in wild 
populations that may be useful for forest creation and restoration. 
Moreover, the effect of various PGRs (BA, (IA3, Kn and TDZ) on in vitro 
germination of seeds was tested. Single shoot was differentiated from the seeds 
cultured on different concentrations of BA and GA3 as reported by Mallik and 
Saxena (1992) in Phaseolus vulgaris. While on a media containing different 
concentrations of TDZ all the viable seeds germinated, proliferated and gave 
multiple shoots containing stump (sprouting epicotyls) in each germinated seed. 
Maximum regeneration frequency for sprouting epicotyls was obtained on 5.0 gM 
level of TDZ. This observation is substantive with the report documented by 
Hussain et al. (2008) in Sterculia urens, where TDZ was found most effective for 
direct shoot regeneration from intact seedlings. While contrary results were 
reported in Dendrocalamus asper (Arya et al. 1999), Sterculia urens 
(Hussain et al. 2008) and Murraya koenigii (Rani et al. 2010), where BA was found 
most effective for direct multiple shoot regeneration from intact seedlings. 
Increased levels of TDZ above 5.0 gM showed reduction in percent seed 
germination and number of shoots per sprouting epicotyls. Such an inhibitory effect 
at higher concentration of TDZ has also been reported by other workers (Saxena et 
al. 1992, Bhuyan et al. 1997). 
Transfer of excised sprouting epicotyls onto the secondary medium containing 
lower concentrations of TDZ (0.5 µM) or on BA (7.5 pM) + NAA (0.5 µM) 
combinations, enhanced the rate of shoot proliferation and length by three to four 
folds. Comparable reports where lower concentrations of TDZ or BA + NAA 
combinations (for TDZ exposed cultures) were found effective for shoot 
proliferation and multiplication has been reported by Siddique and Anis (2007) in 
Cassia angustifolia, Ahmad and Anis (2007) in Vitex negundo, Jahan and Anis 
(2009) in Cardiospermum halicacabum and Ahmed and Anis (2012) in Vitex 
trifolia. 
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5.4. Synthetic seeds 
Synthetic seed technology combines the advantages of zygotic seeds with those of 
micropropagation (such as high efficiency of propagation, ease of handling and 
transportability, storability and reduced size of the propagules) (Germana et al. 
2011, Hung and Trueman 2012). Decisive estimation of the concentrations of 
sodium alginate and calcium chloride which affects the gel matrix and capsule 
quality is one of the vital aspects for the successful propagation of plants through 
synthetic seed (encapsulation) technique. Capsule hardiness depends on optimal ion 
exchange of Na* and Caz  and it may vary with different species and propagules 
(Rai et al. 2009). An optimal ion exchange between Na` and Cat producing firm, 
clear, isodiametric beads was achieved using a 3 % (w/v) sodium alginate upon 
complexion with 100 mM CaCl2 solution. Though, lower levels of sodium alginate 
[below 3 % (w/v)] were found incompatible for encapsulation, probably because of 
reduction in its gelling ability, after exposure to high temperature during 
autoclaving as reported by Larkin et al. (1988). MS medium supplemented with BA 
(10.0 µM) and NAA (1.0 µM) gave the highest frequency of conversion of 
encapsulated beads into young shootlets. This corroborates with earlier findings of 
Faisal and Anis (2007) and Ahmad et al. (2002). 
The most advantageous feature of encapsulated nodal segment is their ability to 
retain viability in terms of conversion potential even after a period of storage, 
which is essential for their use in gennplasm exchange or field application. The 
synthetic seeds retain 68 % viability even after 8 weeks of cold storage at 4'C. 
However, only 30 % conversion frequency was observed after S weeks in non-
encapsulated nodal segments. These observations are in accordance with previous 
studies on other plant species (Adrian et al. 2000, Ahmad and Anis 2010). Though, 
an increase in the period of storage beyond 6 weeks caused a decline in conversion 
frequency of the beads. The decline in the conversion frequency observed in 
synthetic seed stored for a period of 6-10 weeks may be due to inhibited respiration 
of plant tissues (Redenbaugh et al. 1984). The conversion of encapsulated nodal 
segments into plantlets after substantial period of storage could be attributed to the 
addition of MS salts in encapsulation matrix, which serves as an artificial 
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endosperm to the encapsulated explants for conversion into plantlets (Ahmad and 
Anis 2010). 
5.5. Histological analysis 
The structural analysis is an important step in the study of the organization and 
changes in the plant body and it is an extremely useful approach in the study of 
plant morphogenesis (Saha et at. 2012). The differentiation of shoot buds from 
nodal segments was confirmed by the histological examination of cultured 
explants. Most shoot buds revealed no visible connection with the original vascular 
tissue, although they appeared to have originated from the meristematic zone 
beneath the epidermis. It is possible that the initial shoots developed from pre-
existing meristems (Khan et al. 2011), 
The hypocotyl explants showed high mitotic division on PGR supplemented 
medium resulting in the proliferation of meristemoid zones nearby epidermis. As 
expected, vascular connections were observed to occur between meristemetic 
regions and mother explants as established by Karkonen (2000) in Tillia cordata 
and Neto et al. (2003) in Bixa orellana. Therefore, histological studies indicated 
that in vitro plant regeneration in A. lebbeck has developed through direct 
adventitious organogenesis. Borchetia et al. (2009) reported that the plantlets 
derived from adventitious mode of propagation can be genetically true to type and 
this mode of plant regeneration is more reliable than callus cultures. 
Further, the histological studies conducted on the sprouted epicotyls (Intact 
seedling explants raised epicotyls segments) showed the development of apical 
shoot meristems with leaf primordial followed by adventitious bud (meristematic 
zones) differentiation in the basal region of the shoot apical meristems. Therefore, 
apart from shoot apical meristem, adventitious shoots also originate from epicotyl 
region in the intact seedling explants cultured on TDZ supplemented medium. 
Comparable observations have been reported by Malik et al. (1993) in Lathyrus 
species and Polisetty et al. (1997) in Cicer arietinum, where adventitious origin of 
multiple shoots from epicotyl region was found directly from intact seeds. 
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5.6. Rooting 
For any micropropagation protocol, successful rooting of the microshoots is a pre-
requisite to facilitate their establishment in soil. Rooting of microshoots was 
accomplished both under in vitro and ex vitro conditions. 
5.6.1.In vitro rooting 
Adventitious rooting in isolated microshoots from in vitro cultures of A. lebbeck 
was achieved in the presence of half strength MS medium. The reduction in 
nutrient supply for better roofing efficiency as described in the present study is in 
harmony with the previous findings of Ahmad et al. (2013) in Cyamopsis 
tetragonoloba and Perveen et al. (2013a) in Abets precatorius. A significant 
increase in rooting response was observed with the addition of auxins (IBA, NAA 
and IAA) in % strength MS medium. Most desirable root formation was achieved 
for IBA (2.0 µM) in comparison to NAA and IAA, therefore, IBA was found to be 
superior auxin among all the auxins tested. Optimum rooting response using IBA 
has been reported in several leguminous plant species including Pterocarpus 
marsupium (Chand and Singh 2004), Cassia angustifolia (Agrawal and Sardar 
2006), Clitoria ternatea (Shahzad et al. 2007) and Abrus precatorius (Perveen et al. 
2013a). The superior effects of IBA on the root development may be due to several 
factors such as its preferential uptake, transport and stability, over other auxins and 
subsequent gene activation (Ludwig-Muller 2000). While the inferior effect of 
NAA may be because NAA is more persistent than IBA, remains present in the 
tissue and may block further development of root nieristemoids (Nanda et al. 2004). 
While the poor rooting response on IAA supplemented media may be because of 
the fact that exogenous application of IAA is rapidly inactivated in excised plant 
tissue by IAA oxidase (Sembdner et al. 1980). 
5.6.2. Ex vitro rooting 
The practical prospects of mass micropropagation are largely dependent on the 
rooting percentage and survival rate of the plantlets in field conditions. Ex vitro 
rooting is a one-step procedure combining both rooting and hardening, facilitating 
early transplantation of the plantlets to soil. It has been reported that ex vitro rooted 
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plants are better suited to tolerate environmental stresses (Phulwaria et at. 2012). 
Hence, ex vitro rooting has been attempted as a means to decrease the 
tnicropropagation cost and also the time from laboratory to field. Of the two auxins 
(NAA and IBA) tested, IBA (250 gM) for 30 min was found to be the most 
effective producing highest ec vitro root regeneration response (82 %). Rooting 
under ex vitro condition has been successfully utilized for the establishment of 
several woody plants including Vitex nigundo (Ahmad and Anis 2007), Ma/us zumi 
(Xu et al. 2008), Melia azedarach (Husain and Anis 2009) and Tecomella undulata 
(Varshney and Anis 2012). 
Thus, at vitro rooting method gave the highest number of root regeneration 
response as compared to in vitro rooting and is less time consuming because of 
rooting and acclimatization took place simultaneously. The importance of ex vitro 
rhizogenesis over in vitro rooting have been reported by many researchers (Rogers 
and Smith 1992, Nas and Read 2004). 
5.7. Acclimatization 
Acclimatization or hardening of in vitro raised plants under ex vitro conditions is 
one of the main processes to promote field survival and physiological competence 
of in vitro raised plants, especially to guard them against water stress and to 
encourage autotrophy (Pospisilova et al. 1999, Hazarika 2003). Moreover, for 
successful photoautotrophic acclimatization of the in vitro raised plants, a 
transitional environment is usually supplied for a duration ranging from one to 
several weeks using environmental controls, which has successfully improved the 
survival percentage of number of plant species (Pospisilova et al. 1999, Hazarika 
2003, Xiao and Kozai 2004, Perveen et al. 2013a). Type of potting mixture used to 
acclimatize plants under ex vitro is one of the important factors in determining the 
survival percentage of the plants during acclimatization process. Among the 
various hardening substrates used, highest plant survival rate (76 %) was found in 
soilrite, whereas the plantlets in garden soil and vermiculite showed significantly 
low survival rates after 4 weeks of acclimatization. Moreover, soilrite being more 
porous substrate holds more water than vermiculite and garden soil, and thus 
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promoted better growth of tender roots of tissue culture raised plants during 
hardening. Therefore, roots were easily penetrated in soilrite than in other planting 
substrates. These results showed consistency with the findings of Tiwari et al. 
(2001), Faisal et al. (2006a), Siddique and Anis (2008), Anis et al. (2010), Khan et 
al. (2011) and Varshney and Anis (2012), where the micropropagated plantlets 
showed highest survival rate in the planting substrate soilrite. 
The primary hardened plantlets on soilrite when transferred onto the mixture of 
soilrite + garden soil (1:1) showed good survival rate of 79 % after 10 weeks of 
acclimatization. Due to the sequential hardening of the plantlets onto the two 
substrates, good percentage (80 %) of the micropropagated plants survived after 
transfer to the field and did not show any visible defects in morphological and 
growth characteristics when compared with their respective donor plants. Similar 
findings have been reported by Balaraju et al. (2009) in Swertia chirata and 
Chabukswar and Deodhar (2005) in Garcinia indica, where sequential hardening of 
the in vitro raised plantlets onto the different substrates under controlled 
environmental conditions were found useful for the maximum field establishment 
of the in vitro raised plants. 
5.8. Physiological studies 
In vitro micropropagation of plants is in some cases restricted due to the low 
survival rate of the regenerants during the ex vitro acclimatization because in vitro 
conditions (high relative humidity, low CO2 concentration, low light intensity and 
bulky of sugar etc.) are designed to provide the optimal culture conditions and the 
least stress surroundings for plant multiplication. Hence, when the in vitro raised 
plants are transferred to external environment, they are exposed to light intensities 
higher than those used under in vitro conditions, resulting in photoinhibition. Low 
photosynthesis because of low pigment content and malfunctioning of the water 
loss regulation are the two major constrains of tissue cultured plants during 
acclimatization (Fila et al. 2006). Hence, the acclimatization of micropropagated 
plants remains a critical stage. According to Hazarika (2006) evaluation of 
physiological characteristics during the hardening process of micropropagated 
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plants under ex vitro may facilitate the development of efficient transplantation 
protocols and will help to make decisions on adjusting under ex vitro environmental 
conditions (e.g., irrigation, substrate type etc.). 
Moreover, in the present study, during the course of acclimatization of regenerants 
from 0-70 days, a decline in chlorophyll (a and b), carotenoid contents and PN rate 
was found at the initial 14 days, afterwards an enhancement in these contents at the 
consequent recovery period (from day 21 to 70) was observed. The findings are in 
conformity with the report of Kadlecek et a]. (1998) in Nicotiana tabacum, wherein 
photomixotrophically grown plantlets exhibited decrease in Chl a and b content 
during first week of ex vitro transplantation. In the same way, net photosynthetic 
rate (P.) in Solanum tuberosum and Spathiphyllum floribundum regenerants 
decreased in the initial days after transplantation and started increasing thereafter 
(Baroja et al. 1995, Van Huylenbroeck and Debergh 1996). 
According to Borkowska (2001), during the ex vitro acclimatization of in vitro 
raised strawberry plants, newly formed leaves at the early stages of their 
development (during first week of acclimatization) exhibited low photochemical 
activity and with the progress of acclimatization period they become more active. 
Similar results have been found in the current report also where newly formed 
leaves showed significant decline in chlorophyll (a and b) content at day 7 and 14 
as compared to day 0 plants followed by an increase in the content beyond this 
period (from day 21 to 70) showing functional activeness of the newly originated 
leaves with the passage of acclimatization period. Therefore, a decline in 
chlorophyll (a and b), carotenoid contents and photosynthetic rate in the leaves 
developed during initial 14 days of acclimatization of the regenerants, may be 
because of the low photochemical activity of the persistent leaves or newly formed 
leaves. While further increase in all these parameters after 14 days with the 
progress of acclimatization period showed an increase in the photochemical activity 
of the newly formed leaves (Perveen et al. 2013a). Such enhancement in Chl a, Chl 
b and carotenoid content throughout the acclimatization period is in accordance 
with the reports on Calathea touisae (Van Huylenbroeck or al. 2000) and 
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Tylophora indica (Faisal and Anis 2010). Likewise, in Calathea louisae and 
Spathiphyllutn jloribundum substantial increase in PN was measured when new 
leaves were fully developed (Van Huylenbroeck et al. 1998, 2000). 
Also, light intensities has a crucial role for autotrophic plant development, as 
transfer of in vitro (50 PPFD) raised plants to ex vitro at increased light intensities 
(150 PPFD) favoured leaf expansion with autotrophic plant development mainly 
with regard to chlorophyll content as reported by Carvalho et al. (2002) in Vitis 
vinifera. Hence, the acclimatization of A. lebbeck plantlets under 3 fold (150 
PPFD) light intensity than in vitro condition (50 PPFD) was found effective for 
proper acclimatization as proved by the enhanced levels of photosynthetic pigments 
and photosynthetic rate by the 70 days of acclimatization. Similar results have been 
reported in Gardenia jasmiinoides by Serret et al. (2001) and Omits minor by Dias 
et al. (2012), where the initial hardening of plants under increased irradiance 
improved the development of photosynthetic apparatus leading to increased plant 
growth under natural environment. 
An increase in carotenoids level particularly signifies that plants sustained the light 
stress as carotenoids play a key role in protecting of chlorophyll pigments under 
stress conditions (Ali et al. 2005). Therefore, such an enhancement in carotenoids 
further reflects the functional response of photosynthetic apparatus [as proved by 
the raised levels of Chi (a and b) pigments and PN rate] to the different light 
environment, since the photo-protective role of carotenoids against photo-oxidative 
damage is well documented by All et al. (2005) and Dias et al. (2013). 
5.9. Biochemical studies 
During acclimatization of in vitro grown plants to ex vitro conditions, water stress 
and photoinhibition promotes the production of reactive oxygen species (ROS) and 
in consequence of oxidative stress (Pinto et al. 2011). ROS being inevitable 
byproducts of aerobic metabolism cause lipid peroxidation (membrane injuries), 
protein degradation, enzyme inactivation, damage of DNA; therefore, their 
production and removal must be controlled (Batkova et al. 2008). The extent of the 
damaging effects of ROS depends on the effectiveness of the antioxidative systems 
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which include autioxidative enzymes viz., Superoxide dismutase (SOD), Catalase 
(CAT), Ascorbate peroxidase (APX), and Glutathione reductase (GR) (Perveen et 
al. 2013a). Therefore, an increase in SOD and CAT activities in the process of 
acclimatization suggests an up-regulation of the plant protective mechanism against 
oxidative stress. These results are in consistent with the earlier findings of Faisal 
and Anis (2010) in Tylophora indica, Varshney and Anis (2012) in Tecomella 
undulata and Perveen et al. (2013a) in Abrus precatorius. Similarly, elevation in 
activities of both APX and GR suggests chloroplast-based detoxification of ROS 
(Perveen et al. 2013 a). 
Yan (2009) reported that, when SOD, CAT, APX and GR were consistent and in 
harmony with one another, free radicals formed in plants could be kept at a low 
level which exerted the plants to raise and metabolize naturally hence, plants with 
higher content of antioxidants are usually better adapted to stress (Mitrovic et al. 
2012). 
Evaluation of MDA and H202 content during acclimatization period provides 
further evidence of oxidative stress tolerance in regenerants. MDA is a product of 
lipid peroxidation and an indicator of free radical production and tissue damage 
(Perveen et al. 2013a). Besides, H202 functions as a signaling molecule for 
antioxidant responses (Giampaoli et al. 2012). Hence a significant reduction in 
MDA and H202  content after 14 days of acclimatization clearly indicated the stress 
tolerance in regenerants. Analogous decrease in MDA and H2O2 content has been 
observed by Chakrabarty and Datta (2008) in Gerbera jamesonii transferred to the 
field. 
Therefore, decrease in photosynthetic pigments (chlorophyll a and b and 
carotenoids) and increase in antioxidative enzymes viz., SOD, CAT, GR and APX 
and stress indicator MDA and H202 during the initial period (0-14 days) of 
acclimatization of plantlets reflects the production of oxidative stress and its 
detoxification by the higher activities of antioxidative enzymes. While increase in 
photosynthetic pigments and antioxidative pools from day 21- 70 suggest that the 
nticropropagated plants developed fractional photosynthetic machinery to reduce 
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oxidative stress during the acclimatization period. Our results put forward that the 
antioxidant pool is functioning competently during growth chamber acclimatization 
of plants. The growth chamber acclimatized plants were transplanted to soil with 
successful survival rate (80 %) 
5.10. Genetic fidelity 
At present, molecular markers are powerful tools used in the analysis of genetic 
fidelity of in vitro propagated plantlets. Inter Simple Sequence Repeats DNA - 
polymerase chain reaction (ISSR-PCR) has been utilized to check the genetic 
stability among regenerants of A. lebbeck established under ex vitro conditions. All 
banding profiles from in vitro regenerated plants (from mature nodal segments) 
obtained were monomorphic and similar to those of the mother plant. The 
monomorphic banding pattern in regenerants and in vivo mother plant of A. lebbeck 
possibly indicated that direct multiple shoot bud formation from mature nodal 
segments was least vulnerable to genetic changes. Several authors reported that in 
vitro propagation methods involving pre-existing meristems such as axillary buds 
and apical meristems can maintain the genetic fidelity of the regenerants and is 
comparable to my observations also. Such techniques have been successfully 
utilized for the evaluation of genetic integrity in Swertia chirayita (Josh i and 
Dhawan 2007), Vitex nigundo (Ahmad and Anis 2011) and Rauvolfia tetraphylla 
(Faisal et al. 2013). 
Hence, the micropropagation of A. lebbeck through direct regeneration using 
mature nodal segments ensures the high genetic fidelity of the regenerated plants 
and may be used for accelerated propagation and conservation of this medicinally 
and economically important plant. In addition, the investigation is making it 
possible to raise any number of clones of the selected tree at any time of the years 
as desired with a low risk of genetic variation. 
5.11. Effect of Zn, Cu and Cd on in vitro axillary shoots proliferation 
By using tissue culture-based tools physiology and biochemistry in plants cultured 
under adverse environmental conditions for e.g. biotic and abiotic stresses could be 
assessed successfully. In several plant species i.e., Brassica juncea (Gasic and 
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Korban 2006, 2007), Bacopa monniera (Srivastava et al. 2002), Glycine max 
(Mariska or al. 2003), Alyssum sp. (Ingle et al. 2005), Hordeum vu/gait (Furukawa 
et al. 2007), Dendrocalamus strictus (Rai et al. 2011) and Populus tomentosa (Du 
et al, 2012), tissue culture techniques have been successfully applied to obtain 
genotypes with increased resistant to different abiotic stresses like metal, drought 
and salinity stress. The amenability of these plants to in vitro culturing not only 
makes them suitable for studying the metal responses but also to generate metal 
tolerant plants (Perez Clemente and Gomez Cadenas 2012). This kind of in vitro 
studies can be useful in getting preliminary data and helps in reducing the time 
taken in assessing the trait and is not as labour or land-intensive as the 
corresponding field studies. 
In the present study, axillary shoot differentiation was observed in nodal segments 
(obtained from the shoot cultures of mature node), cultured on additional supply of 
ZnSO4, CuSO4 and CdCl2 to assess their affect on in vitro shoot morphogenesis. 
Among all the metals tested, ZnSO4 (0.06 mM) followed by CuSO4 (0.02 mM) 
showed maximum shoot induction and multiplication response (84.0 % and 79.0 
%) in nodal segments than the cultures grown on control medium. This promotion 
in the multiplication and development of shoots by the additional supply of ZnSO4 
and CuSO4 may be because of the key roles of Zn, Cu and SO4 in various metabolic 
activities of plants as it is involved in protein synthesis, phytohormone activity, 
enzyme activation, membrane integrity and detoxification of superoxide radicals, 
nucleic acid metabolism and nitrogen assimilation (Kothari et al. 2004, George et 
al, 2008). These properties may account for the stimulatory effects of Zn and Cu on 
plant regeneration. The effectiveness of Zn and Cu on in vitro raised cultures of 
Albizia is in accordance to the reports in Bacopa monniera (Ali et al. 1998, 
Srivastava et at 2002), Populus (Spirochova et al. 2003), Alianthus altissima (Gatti 
2008) and Aechmea blanchetiana (Giampaoli et al. 2012). However, at higher 
levels of ZnSO4 (above 0.06 mM) and CuSO4 (above 0.02 mM) than the optimal 
levels, a reduction in shoot regeneration frequency and shoot number was observed. 
Similar effect of Zn and On at higher concentrations in in vitro cultures has been 
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reported in a number of plant species by several workers (Maksymiec 1997, Ali et 
al. 1999, Bojarezuk 2004, Agarwal and Sharma 2006, Gatti 2008). 
Furthermore, all the tested concentrations of CdCl2 were found deleterious for in 
vitro axillary shoot proliferation and showed a reduction in shoot regeneration 
frequency. However, at lower level (0.001 mM) of CdC12, a non-significant 
reduction in shoot proliferation rate than control cultures was observed, hence at 
lower concentration CdC12 proved less deleterious in comparison with higher levels 
of CdC12. These observations revealed that Cd though not required for plant growth 
and metabolism is often taken up and accumulated by plants and it may have 
stimulatory effect on shoot differentiation (Kovacs et al. 2009). Shoots obtained at 
higher concentrations (above 0.0001 mM) of CdC12 exhibited abnormality leading 
to stunting of shoots, yellowing of leaves and browning of the explants. Similar 
effects of CdCl2 have been observed in Holarrhena ansidysenterica (Agarwal and 
Sharma 2006) and Bacopa monniera (Ali et at 2001).The retarded growth rate in 
plants at higher level of Cd may be because of a disturbance in the enzymatic 
activities, transpiration and photosynthetic rate, in addition Cl may also cause 
negative effect in osmoregulation and could be the reason of yellowing and stunting 
of shoots (Almeida et al. 2007, George et al. 2008). 
5.11.1. Physiological and biochemical studies in Zn, Cu and Cd treated 
cultures 
The cultures grown on all the metals (ZnSO4, CuSO4 and CdCl2) tested showed a 
significant increase in proline content upto an optimal level of each tested metal 
(0.06 mM of ZnSO4, 0.02 mM of CuSO4 and 0.001 mM of CdCl2). Enhancement in 
the level of proline proved adaptability of the cultures for these metals as 
commonly induced adaptive responses of plants to heavy metal stress is the 
accumulation of proline to nullify their negative effect (Balestrasse et al. 2005). 
According to Htwe et al. (2011), an increase in proline content in the plants under 
stress could be due to the enhanced breakdown of protein towards the way of 
tolerance. In addition to this, it has been investigated that proteinogemc amino acid 
proline provide protection by mechanism such as osmoregulation, chelation of 
metals and protection of enzymes against denaturation (Sharma and Dietz 2006). 
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Therefore, a quantitative relationship was found between praline accumulation and 
metal stress during the micropropagation of A. lebbeck, which might be related to 
the tolerance mechanism dealing with Zn, Cu and Cd stress. Accumulation of 
praline in plant response to excess of Zn, Cu and Cd is in accordance with the 
findings of Chen et al. (2001) in Oryza sativa, Xu et al. (2009) in Solanum nigrum, 
Ghanaya et al. (2010) in Brassica napus and Szafranska et al. (2011) in Daucus 
carota. 
Chlorophyll content of leaves is considered as a sign of photosynthetic capacity of 
tissues (Nageswara et al. 2001). Moreover, in this study, cultures treated with 
metals (ZnSO4, CuSO4 and CdC12) exhibited decreasing trend in Chl (a and b) 
contents over cultures grown in control medium (MS + 10.0 µM BA + 1.0 µM 
NAA). Maximum reduction in Chl (a and b) pigments was found in CdC12  treated 
cultures. Optimum concentrations of ZnSO4 (0.06 mM) and CuSO4 (0.02 mM), 
where maximum shoot multiplication and proline induction was found, exhibited 
slight reduction in Chi (a and b) pigments over control cultures. The significant 
increase in praline content and less reduction in chlorophyll pigments at optimal 
concentrations of ZnSO4 (0.06 mM), CuSO4 (0.02 mM) and CdCl2 (0.001 mM), 
point out towards the tolerance potentiality of the cultures for these metals without 
any adverse effect on their growth and multiplication. Analogous results have been 
reported by several workers in various plants, for instance, Oncel et al. (2000) 
found reduction in Chl (a and b) pigments in wheat treated with Cd, as Cd severely 
inhibits plant growth and disturbs the uptake of nutrients (Zhang Pei et al. 2007). In 
the same way, Zengin and Kirbag (2007) reported an increase in praline content 
and decrease in Chl (a and b) pigments in metal treated Helianthus annuus cultures. 
Decrease in chlorophyll pigments associated with heavy metal stress may be the 
result of the inhibition of enzymes responsible for chlorophyll biosynthesis or 
impairment in the supply of Mgt and Fee  required for the synthesis of 
chlorophylls (Ghanaya et al. 2007, John et al. 2008). 
Carotenoids as non-enzymatic antioxidant play a vital role in the protection of 
plants from the adverse impact of reactive oxygen species induced during stress 
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conditions (Gill and Tuteja 2010). Significant increase in carotenoid contents in the 
metal (ZnSO4, CuSO4 and CdCl2) treated regenerants of A. lebbeck was recorded 
upto an optimal levels of ZnSO4 (0.06 mM), CuSO4 (0.02 mM) and CdC12 (0.001 
mM), while beyond these levels a non-significant increase was found. These 
findings are in consistency with previous studies of Ghnaya et al. (2007, 2010) and 
Fatima et al. (2011) showing higher carotenoid content in plants subjected to Zn 
and various other metals. 
5.6.2. In vitro rooting of metal raised plantlets 
The fast growing thick roots were observed in the shootlets obtained from metal 
(ZnSO4, CuSO4 and CdCl2) raised cultures, on rooting medium (MS + 2.0 gM 
IBA) containing additional supply of ZnSO4 and CuSO4, while CdCl2 
supplemented medium-induced thin delicate roots. The effectiveness of heavy 
metals on root induction is well documented in a number of plants like in wheat, 
triticale, tobacco (Purnhauser and Gyalai 1993) and Bacopa monniera (Ali et al. 
1998, 2001). Xu et al. (2009) reported improvement in callus growth and root 
induction in shootlets by addition of low concentration of Cd in half strength 
Hogland solution, while its high concentration inhibited root induction in Solanum 
nlgrwn. In contrast, Prasad et al. (2001) reported a decrease in root induction in 
Salix viminalis in metal containing medium. General response of decreased root 
growth due to metal toxicity could be due to inhibition of root cell division/root 
elongation or to the extension of cell cycle in the roots. 
5.7. Atomic absorption spectroscopy 
In recent times, plant tissue culture is in extensive use to obtain variants with 
variable tolerance to different abiotic stresses (Khan and Saeed 2012). This 
technique is useful for cultured plant organs to know the metal accumulation 
properties of each separate plant part e.g., the removal of Srz using shoots of 
Solanum laciniatum (Kartosentono et al. 2001) and Ce hyper-accumulation by 
roots ofThlaspi eaerulescens (Nedelkoska and Doran. 2000). 
In vitro plantlets of A. lebbeck raised and rooted in ZnSO4, CuSO4 and CdC12 
containing medium efficiently accumulated the metals and the highest 
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accumulation was found for Zn (at 0.06 mM), which was about 9.5 times higher 
than the plantlets rooted on non-metal containing rooting medium ('h MS + 2.0 µM 
IBA). Ali et al. (2001) reported that the plantlets having maximum root induction 
as well as root elongation can be used as a reliable indicator for metal tolerance and 
tolerant plants took up more metal than non-tolerant (Flall 2002). The reason of 
metal uptake may be that these metals act as essential micronutrients on one hand 
and as toxic environmental pollutants on the other, so their complete exclusion 
during root uptake is not possible. Thus, these metals are more readily taken up and 
translocated to different plant organs. Our results are in conformity with the 
fmdings of Guadagnini et al. (1999) in Tobacco, Ali et al. (2001) and Srivastava or 
al. (2002) in Bacopa monniera, Rosa at al. (2004) in Salsola kali and Rabier et al. 
(2003) and Nehnevajavo et al. (2007) in Brassica juncea. According to Cobbet 
(2000), the mechanism for heavy metal detoxification in plants is the chelation of 
metal by ligand and subsequent compartmentalization of these ligand metal 
complexes. A number of metal binding legands such as phytochelatins and 
metallothioneins were recognized and reviewed in plants. The metal ions activate 
phytochelatin synthase (enzyme responsible for phytochelatin synthesis) be 
chelated by the phytochelatins synthesized, and then transported to the vacuole and 
possibly form more complex aggregation in vacuole (organic acids). Current study 
put forward the evidence of tolerance and accumulation potential in A. lebbeck for 
metals and exposed its bioaccumulation characteristics. The rate of tolerance and 
accumulation in A. lebbeck cultures for metals was in order of Zn>Cu>Cd. 
Thus, in vitro protocols developed by using different explants in the current 
endeavour highlighted the role of tissue culture in clonal multiplication and mass 
propagation of economically important medicinal plants as well as their trial for 
stress tolerance. The evidence of the tolerance of A. lebbeck to different heavy 
metals suggests that this species can be tested for reforestation or phytoremediation 
of areas polluted with heavy metals and can contribute to arrest deforestation, soil 
deterioration and supports application of biotechnology in agriculture specifically 
in forestry sector. 
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6. SUMMARY AND CONCLUSIONS 
Cell and tissue culture techniques have a major role to play in speedy multiplication of 
elite plant genotypes and are being used commercially. Against the background of the 
limitations of long juvenile phases and life span, development of plant regeneration 
protocols of tree species are gaining importance as trees arc a vital component of 
biodiversity. 
The current investigation was aimed to develop cost effective protocols for 
conservation and mass production of Alb¢ia Mb beck (L.) Benth., a mimosoid 
leguminous tree important both economically as well as ecologically. The metal 
accumulation and tolerance potentiality of the tree was also analyzed in vitro. Changes 
in photosynthetic parameters and antioxidative enzymes were measured during the ex 
vitro acclimatization of micropropagated plantlets. To validate the genetic stability 
among regenerants, the assessment of genetic fidelity was done using ISSR 
techniques. The main findings are summarized as under. 
The best seed germination results (80 %) were obtained in the media containing 
highest concentration of salts (full strength MS medium). Various explants, obtained 
from aseptic seedling and node from mature tree were tried for in vitro axillary and 
adventitious (without intervening callus formation) shootlets regeneration. MS 
medium supplied with various concentrations (0.5-12.5 .tM) of 6-benzyladenine (BA), 
ICinetin (Kn), 2-isopentenyladenine (2-iP) and Thidiazuron (TDZ) alone or in 
combination with different concentrations (0.1-2.0 µM) of auxins [a-naphthalene 
acetic acid (NAA), indole-3-butyric acid (1BA) and indole-3-acetic acid (IAA)] 
induced considerable shoot multiplication rate in all the explants tested. 
Among the different explants tested (seedling derived cotyledonary node, node, 
cotyledon, hypocotyl, root explants and mature nodal segments), hypocotyl explants 
from 15 day-old aseptic seedlings produced an optimal shoot regeneration frequency 
(81%) and number of shoots (22.00 t 1.10) on MS medium supplied with 7.5 µM BA 
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after 4 weeks of incubation. Further, the excellent response in shoot multiplication and 
elongation was recorded when the shoot cultures were transferred to a medium 
augmented with 7.5 gM BA and 0.5 µM NAA, producing highest number of shoots 
(34.00 f 1.15) per hypocotyl explant with mean shoot length of 6.30 + 0.05 cm after 8 
weeks in 88 % cultures. 
Direct axillary shoot morphogenesis response from nodal segments (excised from 10-
week-old in vitro shoot cultures established from mature nodal explants) was enhanced 
by the additional supply of metals (ZnSO4, CuSO4 and CdCl2) in shoot induction and 
multiplication medium (MS + 10.0 µM BA + 1.0 gM NAA). Among all the tested 
metals ZnSO4 (0.06 mM) showed maximum number of shoots (24.50 ± 0.83) 
production with shoot length (5.90 ± 0.05 cm) in 84 % cultures as compared to 
cultures grown on control medium (MS + 10.0 µM BA + 1.0 µM NAA) after 10 
weeks. The physiological and biochemical observations of the metal raised plantlets 
showed an increase in carotenoids and proline content and reduction in chlorophyll a 
and b content confirming the stress generation and its control by increased levels of 
antioxidants proline and carotenoids. 
After standardizing the reliable protocol for micropropagation, the influence of 
different basal media, sucrose concentration and pH value were also assessed on in 
vitro shoot morphogenesis from aseptic hypocotyl explants. The comparison of three 
media (MS. WPM and Bs)  formulations revealed MS medium as best for maximum 
shoot proliferation and multiplication. Maximum number of shoots (34.00 ± 1.15) per 
explant was obtained in 88 % cultures in MS medium supplied with BA (7.5 µM) and 
NAA (0.5 µM) after 8 weeks of culture. Among all the tested carbohydrate sources 
and pH levels, 3 % (w/v) sucrose and 5.8 pH level was found most effectual in 
optimized plant growth regulators regime (MS + 7.5 µM BA + 0.5 µM NAA) for 
highest shoot regeneration frequency (88 %). 
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In order to obtain synthetic seeds, different concentrations of encapsulation matrix 
sodium alginate and complexing agent calcium chloride were tested for conversion of 
encapsulated nodal explants into plantlets. Fine quality synseeds were produced in 3.0 
% sodium alginate and 100 mM CaCl2. MS medium augmented with BA (10.0 µM) 
and NAA (1.0 pM) gave maximum conversion frequency (70 %) of synseeds with 
number of shoots (7.33 f 0.33) after 10 weeks of culture. The encapsulated nodal 
segments could be stored at low temperature (4 C) upto 8 weeks with the maximum 
survival frequency of 68 %. 
Adventitious root induction in regenerated shoots was readily achieved with various 
auxins (IBA, NAA and LAA) using both in vitro and a vitro methods. Highest root 
formation frequency was achieved in half strength MS medium supplemented with 
IBA (2.0 µM) on which maximum number of roots (5.20 0.83) were induced with 
root length of 4.40 t 0.67 cm. The number of roots per shootlets (metal raised 
shootlets) increased upto 6.00 ± 0.11 on to the rooting medium (1/2 MS + 2.0 µM 
IBA) supplied with ZnSO4 (0.06 mM) after 4 weeks. Highest frequency of root 
formation (82%), number of roots (21.60 f 0.43) per shoot and root length (4.03 ± 
0.03 cm) was obtained after 4 weeks of transplantation to soilrite in ex vitro rooting 
experiment in which proximal end of the shoot was dipped in IBA (250 µM) solution 
for 30 min prior to transfer to potting mixture (Soilrite). 
Plantlets rooted in vitro on ZnSO4, CuSO4 and CdC12 containing medium efficiently 
accumulated the metals and maximum accumulation (61.00 t 1.15 mg g' DW) was 
found for Zn, which was about 9.5 times higher in Zn supplemented medium (0.06 
mM ZnSO4) as compared to plantlets rooted on simple rooting medium ('h MS + 2.0 
µM 1BA). The micropropagated shoots with well developed roots were acclimatized in 
soilrite followed by the mixture of soilrite + garden soil (1:1) and successfully 
transplanted to soil in the field with 80 % survival rate. 
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During acclimatization of the plantlets for 0-70 days, a steady increase in 
photosynthetic pigments (Chl a, Chl b and carotenoids), photosynthetic rate (PM) and 
activities of antioxidant enzymes viz., SOD, CAT, APX and GR was observed after 
14 days of acclimatization. While stress indicators MDA and H202 content were found 
to decrease after 14 days of acclimatization. Evaluation of photosynthetic pigments 
and antioxidants has been shown to be important in determining the ability of the 
plants to survive oxidative stress and play an essential role for better adaptation of 
regenerated plantlets transplanted from in vitro to ex vitro conditions, Furthermore, 
these factors could be a key to design adequate methods for acclimatization of other 
medicinally and economically important plants to ex vitro conditions. 
PCR-based ISSR technique was adopted for the evaluation of clonal fidelity in the 
plantlets obtained from the micropropagation of mature nodal segments. Al! the tested 
primers produced monomorphic pattern across all the regenerated plants, confirming 
the genetic uniformity of the micropropagated plantlets with that of mother plant. 
The synthetic seed technology described in the present study provides an alternative 
method of propagation of this tree legume. Successful plant reclamation from 
encapsulated nodal segments at low temperature indicates that the method described 
here could be potentially used to preserve desirable elite genotype of A. lebbeck over a 
short period. 
The protocols described in this study for regeneration of Albizia lebbeck using various 
explants are reproducible and improved methods which could be useful for 
conservation and large scale production of this essential anti-asthmatic tree legume. 
The protocols provide an alternative viable system for true-to-type genotypes 
production as confirmed by the ISSR evaluation. The explored metal tolerant 
potentiality and bioaccumulation ability of the regenerants of A. lebbeck can be fruitful 
in developing metal tolerant lines of the tree which could be used in the reclamation of 
polluted and waste lands. 
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Influence of cytokinins, basal media and pH on adventitious shoot re-
generation from excised root cultures of Albizia lebbeck 
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Abstract: A highly reproducible and eflcient in roo, shoot regeneration 
system was developed in a potential medicinal plant. AUtia (ebbeck using 
root explants. Root explants from 15 day-old-a5,tic seedlings were cul-
tured on Muashige and Skwg (MS) medium supplemented with different 
concentrations (15, 2.5, 5.0, 7.5 and 10.0 µhl) of 6-Benvyladenine (BA), 
K(nctin (Na). 2-Iaopenter l adenine (2-il') sic y as well as is combination 
with a-Naphthalene acetic add (NAA) (0.1, 0.5, I.0, 1.5 and 2.0 tM). The 
highest mk of shoot nwhiplicalion (160 t 1.87 for the avercge shoot num-
ber and 5.16 x 0.38 cm for shoot length) was achieved on MS medium 
supplemented with 7.5 pM AA and 0.5 yM NAA. The eIT is of medium 
rype, medium streoglh, pH and subculture on shoot inductiau and prolifera-
tion were also tested. An avesvge of2L6,2.87 shoou per explants could be 
nhelned fellnwin, this protocol. Arcane was achieved oa mkraskomt 
using half strength MS medium with 2,0 pM lndule-3-butyric acid (IBA) 
after four weeks of culture. The in vitro raised healthy slanders were suc-
cessfully established in earthen pots mntaining garden sod and grow in 
greenhomewith >80% survival rate. 
Keywords: Atbiiln lebbeck: direct ougaeOtrmnsis; flibaceae; plant teen-
erztion; root explants 
Introduction 
Albizin )ebbeck (L.) Beath., commonly known as Shirish or 
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Woman's Tongue tree, belonging to the family Fnbaceae, is an 
erect, deciduous, rimos0id legume. It is distributed throughout 
India, Bangladesh, tropical and subtropical regions of Asia and 
Africa. Its bark is used for toothache and diseases of the gum. 
Seeds are astringent and are given in piles and diarrhoea. Decoc-
lion of the leaves and barks are protective against bronchial 
asthnm and other allergic disorders (Saha and Ahmed 2009). The 
methauolc extract of the pod was investigated for antifertility 
activity (Gupta et al. 2005). The plant extract was also evaluated 
in allergic rhinilis (Pratibha at al. 2004) and memory and learn-
ing of mice (Chintawcr ct aL 2002). The plant parts are rich in 
mucrocyclic alkaloids (Dixit and Mishra 1997), phenolic gly-
cosides (Mae et al. 1997), flavonoids (El-Mousallamy 1998) and 
sspooins (Ueda or al. 2003). In addition, anuiptatazoa1, hypogly-
cemic, anticancer and analgesic properties (Saha and Abroad 
2009) have also been reported in this plant. 
Indiscriminate and illegal logging, low natural regenerative 
potential, narrow habitat specificity, microclimatie changes and 
long seed dormancy have resulted in the severe depletion of 
natural population of A. lebbeck (Troup 1936). Seeds have been 
the most widely used nucens for propagating the prolific A. leb-
beck, although vegetative propagation via stem cuttings can be 
useful for improving the genetic quality of the planting stock. 
However, conventional propagation is not brisk to meet the 
needs in lime. On the other hand, biotechnological approaches 
can be employed for plant improvement through somaet0tral 
variation and genetic transformation as well as for the commer-
cial exploitation of valuable plant-derived pharmaceuticals 
(Chaudhuri at al. 2004). Therefore, tissue culture techniques 
provide viable alter utivc methods for the mass production of 
healthy plants with uniform characteristics. 
Earlier reports on A. lebbeck describe the regeneration of 
plants through hypocotyl, root, cotyledon, leaflet (Gharyal and 
Maheshwad 1983; Mamun et al. 2004), stem, petiole (Gharyal 
and Maheehwari 1990) and nodal explants (Maroon of al. 2004) 
using direct and indirect regeneration methods. There is only one 
report on the regeneration from root explain (Gharyal and 
Maheshwari 1983) which yielded low number of shoots and 
carat be used for large scale multiplication. Therefore, the ab- 
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In vitro morphogenic response and metal accumulation 
in Albizia lebbeck (L.) cultures grown under metal stress 
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Abstract An efficient regeneration protocol for rapid mass 
propagalian mid uptake of heavy metals in Albizia lebbeck 
(L), a fast growing, medicinally as well as economically 
important under yielding tree was developed. Nodal seg-
ments derived from a 20-year-old use were cultured on MS 
(Murashige and Skoog) medium supplemented with 10 tM 
6-Bcnzyladenine (BA) and I yM a-Naphthalene acetic acid 
(NAA) showed optimum shoot regeneration frequency 
(76.6%), number of shoots (23.2 a 0.28) per explint and 
shoot length (2.86 ± 0,08 cm) after 10 weeks of culture. 
After standardizing a reliable protocol for micropropagation, 
effects of ZnSO4 (0.06-0.48 mM), CuSO4 (0.02-0.2 mM) 
and CdC12 (0.0001-0.001 mM) on shoot morphogenesis were 
also assessed. The regenerated shoots maintained on main-
tenance medium (MS + 10.0 pM BA + 1.0 tM NAA) 
containing ZnSO4 (0.06 mM showed maximum response in 
terms of shoot number (24.5 ± 0.83) and length (5.9 ± 
0.05 cm) after 10 weeks of culture. Proline content showed 
an increasing trend while chlorophyll (a and b) content 
exhibited decreasing trend with an increased metal concen-
trations compared to MM cultures, and maximum increase in 
proline and decrease in chlorophyll content was recorded in 
cultures grown on Cd-cnriched medium. Best rooting was 
accomplished on half strength MS medium with 2.0 plvf IBA 
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and ZnSO4 (0.06 mM). The plentlets thus obtained were 
successfully tendered and transferred to grccnhuuse with 
75% survival rile and exhibited normal morphological 
characteristics compared to donor plant. 
Keywords Proline . Clonal propagation - Metal 
tolerance . AAS . Chlorophyll content 
Abbreviations 
BA 6 1 enzyladenine 
IBA Indole-3-butyric acid 
DDW Double distilled water 
Kn Kinetin 
MM Maintenance medium 
MS Murashige and Skoog medium 
NAA n-Naphthalene acetic acid 
Z11SO4 Zinc sulfate 
chi chlorophyll 
CuSO4 Copper sulfate 
CdCl2 Cadmium chloride 
AAS Atomic Absorption Spectrophotometer 
Introduction 
Albizia lebbeck (L.) (Pabaceae) is a medium-sized 
(18-30 m tall) deciduous tree native to tropical and sub- 
tropical regions of Asia and Africa (Kirtikar and Bush 
1980). Its leaves, seeds, bark and roots are used in tradi-
tional Indian medicine as an astringent to treat boils, cough, 
eve flu, gingivitis, lung problems and abdominal tumors 
(Rauch and Christian 2004). It is also used for environ-
mental management, forage, medicine and wood (Mamun 
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Abstract 
Objectives; An efficient and repuducible regeneration protocol fez- rapid multiplication ofAlbizia lebbeck (L.) was 
developed by using intact seed explants. 
Methods: Murashige and Skoog% (MS) medium supplemented with different hormones (BA, Kn, GA, and TDZ) 
was used for the induction of multiple shoots from the seed explants. Ex-virro rooting was performed by using pulse 
treatment method in auxins (IBA and NAA) and the complete plantlets were transferred to the field. 
Results: High frequency direct shoot induction was found in aseptic seed cultures of A. lebbeck on Murashige and 
Skoog medium supplemented with 5.0 µM TDZ (Thiadiazuron). Seeds were germinated after 7 days of culture and 
induced maximum 8 shoots from the region adjacent to the apex of the primary shoot of the seedling upto 25 days of 
incubation. Proliferating shoot cultures with increased shout length was establishedby sub-culture of excised sprouting 
epicotyls on MS medium supplied with reduced concentrations ofTDZ. Maximum shoot regeneration frequency (76%) 
with highest number of shoots (21) and shoot length (5.1 eta) per sprouting epicotyl was observed in the M$ medium 
supplemented with 0.5 pM TDZ after 8 weeks of culture. Different concentrations of Indole-3-butyric acid (1EA) and 
a-naphthalene acetic acid (NAA) were lestedto determine the optimal conditions for ex-vitro rooting of the microshoots. 
Thu best treatment for maximum ex-vitro root induction frequency (81 %) was accomplished with IBA (250 pM) pulse 
treatment given to the basal end of the microshoots for 30 min followed by their transfer in plastic cups containing 
soilrite and eventually established in normal garden soil+ soilrite (1:1) with 78% survival rate. In addition, histological 
study was undertaken to gain a better understanding of the regenerated shoots from the epicotyl region. 
Conclusion: The findings will be fruitful in getting a time saving and cost effective protocol for the in vitro 
propagation ofAfbizia hebbeek. 
Key words: woody legume, TDZ, multiplication, epicotyl segment, shoot stumps. 
Introduction 
Albizia lebbeck (L.) (Fahaceac) is a large, erect, 
unarmed, spreading tree native to deciduous and semi 
deciduous forests inAsia from eastern Pakistan through 
India and Sri Lanka to Burma (Kumar et a(., 2007). It 
is a good source of fodder and green manure and used 
for fuel production, furniture making, erosion control 
and as a shade tree in tea, coffee and cardamom planta-
tions (http://www.worldagroforestrycentre.org). The 
plant is reported to have anti-asthmatic, anti-in0amma-
tory, antifertility and anti-diardmeal properties and an 
important source of chemicals of D-catechin, b-Sitos-
terol, Alb iziahexoside etc., which are effective as anti- 
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septic, anti-dysenteric, anti-tubercular and used in 
bronchitis, leprosy, paralysis, helmenth infection etc. 
(Kumar et al., 2007). It is also used for environmental 
management, tolerates light, frosts, and drought and 
also flourishes well in saline, sodic, lateritic and mi-
ning sites (Perveen el al., 2012). Due to its significant 
multipurpose properties, the tree has been overex-
ploited, which in turn has resulted in the severe de-
pletion of its natural population (Troup, 1986). 
Conventionally, A lbizia lebbeck is propagated from 
seed however, prolonged dormancy, rapid loss ofvia-
bility, and low germination rates limit natural propa-
gation (Perveen et aL, 2011). To overpass this insuffi-
ciency and for safeguarding the species from extinc- 
Abbreviations: GA1 (Gibberellic acid); BA (6-Renzyladeuine); Kn (Kinetin); TDZ (Tllidiazuron); MS (Murashige and Skoog me-
dium); leA (Indole-3-butyric acid); NAA (w.Naphtalene acelic acid). 
